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Abstract of JP1 13461 40 

PROBLEM TO BE SOLVED: To provide a 
multipolar type bulk elastic wave resonator stack 
type crystal filter (multipolar BAWR-SCF). 
SOLUTION: A device 3 has a BAW resonator 
(BAW1 ), stacked type crystal fitters(SCF) 6 and 
8, an impedance inverse element, including 
capacitors C12 and C23 and an inductor L0 . 
Also, four ports P1, P2, 01 and 02 are included. 
BAW resonators BAW1 and SCF 8 are inserted 
serially between the ports P1 and 01. The BAW1 
has the inductor L0 connected in parallel and 
both ends of the L0 , that is, both ends of the 
BAW1 , are grounded by way of the capacitors 
C12 and C23 respectively. Moreover, a central 
electrode 20 of the SCF6 and 8 is grounded. The 
ports P2 and 02 are essentially grounded, and 
this device, a multipolar type BAWR-SCF circuit 
3, is a triode device. 
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C»*JS 1 ] §>mgL'<tl'7W'\m ( B AW) y j iV? 

m—concox- h t , 

MfEH-co*f co;k- h co o -h^m—coTtt- h i: m~ com 

tfffEH-co*fcO;K- Fco o "hcotfe — cO;tf — F i:HZcO;K 

-ht com* Ltzmz-cnmrnt . 
m^-cr>mux'WM£&-£ii,tz>y-%:< 1 t — :xob a 

*KK k t>— o«g-««life^7 ^ ( SC F ) 

•c'$>-?t. mmm-commxn&Ltzm-comitm- 

coffi*fc£*U MlEH-co^|&T1g-£L*:glH 
c03@* £k*-f-l>J:3fc:3:-?-Ci^ TftlEIS— co SCF 

y t— yyXmMMFtco^?com^ co*? tf^iwfESS— 

comm. t M—comm t comzm-s l t v ^ mrie^iit^ -f 
^«flr< t h-^commm^Th-y-z . mib^< t *>— 

^<0B AWit|i§|tM?iJtcife^-r-g.H?IE^ : 5r< i: t-o 
cof^SfSS^tSrWU fyiE^UMB AW7 >r * 

>mmmf cz^i-&m®%i&]sz.xyx£$L?>.ii! l ~tz 

[|»*3I2 ] m>m. 1 CIEfiicO^ffiS B AW 7 4 /P? 
CrfcUT . m&Kfir< i: i^OTB AW&fiSA**— <0 
BAW±t|gfSi:H-COB AWitgHt £^y*. fwlE'f >- 

ByfEH-cOBAWitflfghfiffESfS— co^>-t°- 
y^XRIs^^^-^^'friESI— C0*fc0;tf- FcOffifEH 

IE^-^BAWSJSIs* s *^s BufEJS-cOSCFcOiwiE 

B AW#«»#. MiESiS-co S C F a) mi£m~ cr>m^t 
*S£L U BUlEm-cOBAWJtjiS*i 

* £ . mi eh- con com- b co ~ com- 

^LfcffS-coSg*£*U mrfEIS-^f^^^MlE 

h— coBAWjm&tM.mzmwtLx^x. mzm~ co 

Sr^i;-rSHulE^SBAW7 4 
[1**313 ] ffi£4t2lcette>£ff£B AW7 4 /U? 

icfc^-r. ifrffiJB— ^si^br^h ftrfEH— cottcox- 

bcoo-hcomi&S—co*:- b tte-SLtim— <03g3C£* 

u mism-commm^i.r^ iwes»— *>baw*« 

gffCO ffilESir co4$* t flyf EH— «0 SCF MiEIS— C0S£ 



*t cofflcom%m~commi,zm<$r tt:mzs)W»* t w 

U HiifE^rco^»W, mifESS-COSCFcOliiffEH 
"coal* £ lifiESS ~ co B A W*;ffitgco ituf EH— coWfa t 

comco m im-com& l Jt -e om— * ^ > 

U HufE^Z£7)^*^i?t, mffES-co^^-h 
cOHirtESI~^--K- h 1 Ltz%coW,-COl&U* i,* 

L, ffiiEf5-<?M yb°-yyxRteH^*^ MfE^-o 

^co*r- h co o hc0ms^-c07^- btm& Ltz&~co 

3g*£*u m^m-co^yti-yyxKm.m^tiK m 

m5~co*t<7)#:- bcoo *><o ItrlESI ~cox— bt&SL 
Jtasz<0»***i-4 i k 5: W^: i: * milE^ffi^ B A 

Cft*Jl5 ] IS^JS 1 tlE«<0#«^B AW7 4 
tCfc V ->T . WiE^— CO SCF cOWIEm— cOSg**»'fJiEm 

— conco^-bcoo-hcomism-'co^-bbm-^t. m 

am— co s c f <nmz^co^ifimiiw > ~<^muxm 

—coJ-btm-SL. huIE^ — co SCF co Ml EH— coffi 
^fffE^^r< t t-ocOB AWitSSOH-coffi^i: 
^ L s MIB^®a B AW7 < 1V9 ifmzW,Z.C0 SCF 

S: * U . hu IESI ~ co SCF a*Mf E4*5r < t i -oco b a 
W^t«S<0Hz:(0S*i:^L^^— OSSS*£*U m 
siM—CO s c f#ho!E£I— coMco^- h co Mi ESS" co*f 

* . BiilEHZl cO^coHH CO /-KttS-& L^HHcO 

te*^', Wi—co4 ye—yyz.wM3k z f-}ii&—co4 y 

b-^yxRlK^iSr^, Mtm-coJ yt'-fy 
x^MM^if, buIEH-co SCF MfEmr<0Si§*fc MIE 
^ < t i> — yco b a wftH#§<7) mff EH— cosg* t cora 
coKFffim-coSmtc^ L^H-co«*Sr* t , milEH 

-co-f ye-^yxRfffjtp, HulS^- : fc< t i>— o<o 

b a w^HcobuI Em_coS* t HUI EH— co s c F COM 
iEH-cO^* co^co I5IEIS— co#^ ictS# LfcJB— C5 
«H*«r*t4 i t HtrfE^^MB AW7 ^ 

[§S*«6 ] ii*al5tc|E«cco^®SBAW7 

(cfcv>Ts fuiE^ < 1 1 --ocommm^ifim^-co 

SCF cOtulEH— cO^g* t . ff!E^ < 1 1> -OCO B A 

wftimcoMfEJS-coffi* t coraco HfrlEm-co^^fe 

36*4 , Ml E^-S: < k t-oco B A W*3gf5<oi!frf ESS 
-cos* t , MIES? ~ co scf co Mi EH— cosg* cora 
colTiEH— co^tcte-^- Ltzm~co&£i>1iL, fJIE 
H-co-f yf-^yxKtfW, tjlEHrco^com 
Hcoy-Kfci§^L*:Hrcoig5fc£*U MEHHcoy 
- f ^'IfrlEm-co y— Ft HUco y - F t co^znm. § 
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ttX^X. frlS^— <7M y tf— ?"y xfcMM^f-hK TtufE 
glHcO /—Ft firtESS— cO / — Ft cofgcoffirf EH~ co^ 
tft(ctir& LJtm~WSS8*5r*-f S £ t ZftWlb -fh ffie 

[ft #11 7 ] luieSg-O SCFt fSHcO SCFt 
iiBAW7-f/^. 

C If 8] cosCFfr\ 1tE^ffl«3Rf 

c (a jiaraf l t mb*rt*zi«h*#r £&*aj-r ct a 

lcR]IS£;fx£ i t £#git-t&lf#Jl 1 CrlEfScO^ffiS 
BAW7-(;^, 

[ff#JS9 ] Hffie^-*< t t-^B Aw^sst mr 

IE®-cO S C F cO#*#>'^S S 9-«it5:#tf £ t £=8 

[« #ji i o ] miieig-^ s c f t>K 4>v-y>x 
EMM^t L-zwtf&th mmmmB&*. £ & - t 

Sr^fSStfc-rSfS*^ 1 £IEtt<0^ffiSB AW7 4 ;l-;y\ 
[If #31 1 1 1 flFlE4*5:< t fc-o^WWJffP**. ^ 
ffi!BAW7 4 /l^cO^'M^SSf cT^^iS 

u Buie^< t i.-ocoisff&^t^^7 ^ 

*ry x tc»fc-£4 J: d Kflgfig-r & £t£!ffl&t-f&lf# 

umm 1 2 ] mmmnj yt°-yyx%.mm=F<v 
&«tfa>?yy-£istsz t zmmt-i- zmxm i tie 

f(7)$ffilBAW7^^. 

[«#JI13] ^?Wtt*<BAW):7 4;!^fc:*iU 

t, 

H— cog^t , 

liylEm-coS«±(effiB£ix£!i&-cOeim*t . 

buIEIS— cOgflUiKIlBSftfc^SK t — 2C0B AW 
£fe3S Vh-yX. mffi-CO&fH; * -y F t gillcog^ t 
•y F t coSTE^Jta^LT ^SHiTfE^*^ t i>— o<0 
BAW*i^t, 

MfEffS-cO^i^ISSft^SK t t>— ocoSiJgMSS 

S7^^(SCF)t*ot, fufESg— COS^-y Ft 

* -y F t tfJlSTBtf!! L T v ^ huIE^* 

< tt— ^scFtiiot, mmm— cr>mnmb&-& 

LX^&m-n^*tt&mil&%< b t>-oeosc 

Ft. 

H~cOS$t. 

*re*-«o3S*U:fc:ii«S*u H?IE^-^««t^ 
L-tv^^Zco^Mt. 

B(rlE^~^»«±^iaa$ti7t^< t <>— oORITF 

t*ot, fne^-* < 1 1 — ?cO B AW*« t M?"J £ 
v^mrtE^* < 1 4, -ocol&g^ t . 



rcofg^N- •</ f t <?DBi"ra?ijtc*s-& t>t w 

U «IE»-<'5*MtlS-&Lfcl(5-<0«l***>5etc* 

-r-g> bitie^-^ 1 1— ocow ytr-^x^ES-r-t * 

[ msm 1 4 ] luiEisr co»s^"BaiE^-^»«-® 
izmwztix^&zbzumb't&ffimi 3taaKo 

BAW7-f^ t 

[ lf#Jfi 1 5 ] If #« 1 3 (Cg Ei^fii® BAW7 •< 

;Wfc*jwt. mtZ$-Zi:< tt— pobaw^SH*** 

— <Z)BAW#*HBtS— ^BAW#S»t***. WfE 

t k — ?<r>4 ye-^yxRtff« 5 s-<o>f >- 
f-yy^KK^tmr^-r yb-^yxs:iK*ft 

luIE^ ; 5:< t fc-o<0«!«WS5— to^i^ t 

n—vwe&f-b , Mffi^— <o b Awit«§g t miE 

^— i7M yt-^yxSKS^^-^^'filE^— OS.* 
yN°-y FtS-^-Lfc-eix-fa^— <y)4g#2:*L. milE^ 

-CO B A W*JSS^'* ^ . HUlE^-* < 1 1 -O<0 S C F 

emzjW&Mbte&Lizmz. coa^Srt^L. mitB^— 
<0B AWftiS^. BulE^ : 5r< 1 1>— ocos C FcoJgH 
<0«*i:IS-&Lfc*-<?5*B***t. l«IE^~OBAW 

«ftEISr.c0S^N o -y Ftt&^-LfcJRTO 

ffiSS" eogl^-T-j^ WfEU— co B A WjjygS! t M?"J(c^ 
LX^X. ffilESS— co!8&^#MfEJfS~co B AW*iS#| 
t £*ltctt£K t T d ^4 i t t "T &MfE^£M B A 
W7<;^. 

[|f#Jl 1 6 ] mifE^KK t & — ?co-r >-b-^yx 
Rte^Wn VlfSr-i-tf £ t *«®t -rS!f#«l 1 
3 (;IES£co B AW7 4 IV? . 

[ If m i 7 ] mrf ESS— coj»«* tte^-t ^co^ 
WfcSteWcffU mfE«l:<o^* i '1«IE^-'0»«« 
^ T-x t m-^-t h tz#><r> t cof* 0 , Ml EH— COS* 
^••y FtH— cO&jfr^-y Ft(i^hSP<OHl!S«^t«S^-r 
4^cot>co-C$)-l>i fcSrWat-tSHWWIl 3(clES5 
C0BAW7 4)V? „ 

I If #JS 1 8 ] ffif ESS-cO^mS**' . HUlEH-cOS * 
/^•y Ft. M£H— (OSc^^-y F t . MfEii'- > *< t fc— 
-?cOBAW*Mt. mflE^*< tt— OCOSCFtt: 
< t *> SftJW tK 0Htf«It5r!Rf^t-r4 ffl#« 1 
3(CIE©cOBAW7-f )V?„ 

I If #JS 1 9 ] MIEH— co3?mS** . buIE^-* < 1 1> 

— ocoK^t HufB^*< t *>— oco-< yf-^yxK 
K3R^*^=fir< t fc«*Wfc:]R 0 Htfi t * mkb-T h 
If #^ 1 3 (^fB«COB AW7 ^ /W^ . 

[ if #JS 2 o ] mMM—<r>mmm t m~cr>mmM „ m 
t^(c . mnsm-co»« t mzico«« t tc ± o r . n^co 

?f»«l»3& t . huIE^- : 3:< t fc— OcOBAWftSSt. «f 
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sd&% < k *>-oco s c F k . msSB-&T/m—a&j£ 

[ it*3a 2 1 ] mrie^ < t i> -mmm=Fmt aj£ 

4«5r<k*>— -HtiK Si. GaAs, XJ±-fe7 
5 y^W^+cO-ofc^^k^ffik^ff^Jl 

[ m&m. 23] < t i> m—comm^—mmti 

Sf5-<?5BAW*«««JO±^r(Cfi[ML. 4«Sr<k*>SB:i?) 

!8»^<7)-g|sa J lfffaS&-<7)B AW^MOJJSrWia*- 

3E»— <o b a mssmm $ *m > & ^ra^-t^r c j> 

WE* ~ <0 B A W*«S*nE« S *VO * * ^tS^i*^ 
tcie*4<7)BAW7 4/1^. 

[ it*« 2 5 3 ^ < k i> —mmm^&wm ?4>v 

Z&tSZLkiW&k-t&W&Zl 3t-ietgOBAW7>f 

[ if ^ 2 6 ] v -i/l 7 WttiS ( B A W) 7 4 )V9 {Z is V > 

X. 

W>—cnmp.k, 

t5IE»-oa«U:{cE«$<ifc*-0«jft/'?v h'k . 
MiESI— coS^JhfcEBSft^-SK k t — 5«BAW 

•y Fk cotgr*^ & L T v ^ Buie^^r < k i — p<7) 

m%?m~<r>m&L±.izwm.zti'j?%:< t t— oomasis 

^7 )V9 ( SC F)T'$)o-r. I9IE«— «a- 7 H k 

m~<?>i$A'*>y v k^mx-mmz^Lx^tm^ 
<kh-^<7)scFxh^x. m&&-<7>mw§km& 

LTV^H— ^SS8*^ k^PT-l. TWISTS: < k t— ocos 
C F k £^rr& £ k JlSt -T^l^WttftC b AW) 

[is*3S2 7 ] it** 2 6 ^iamwxVP^?pft^(B 

AW) 7 4tV?liZi5\,\X. 

Wi—(?>gMk. 

Mi&&-<?>mLt<,zmw.zti. mam-nm^m t 
m&&~(vm%±<,zmw:ztifi:'j?&< t h-mmm^- 



X'$>->x. ms&% < k t> -oco b a wft^ k §m t 
m^Lx^&m%i'>%<k t — ocomm^k . 

£ & £ k £^18 k & m&> W ? 5114?$ ( B A 
W)7 -f/P^. 

[ff;£Jf2 8] y^^5*tt»(BAW)7^;P^tcfcv> 

X. 

W.—<F>W®. k s 

Ik*^tJ)-3t. -e^#^^, ztizticom—ns&tik 

(BAW)7-fW. 

[ it im 2 9 ] m^<3S 2 s Kg eKtfv svp 7 w&m ( B 
m— comm.^mmm^x'h-yx . twtey&i&ffi 
m-vynmiwmsm&Ak . 

-yyxKmm?<7)zti?ticom-'<?)m&kt£G lx v > 
zm^-comfccomimm&k . 

«^k trstw-rsc: k JMtt hm&*)V7wm$i 

(BAW)7^^. 

[ if ^« 30] if 2 8 iceno/ ^ ^ ^tt^ ( b 

AW)7-(^(:ij^T. 
^ ~ co*^ k . 

«TSE» ~^)*«Lhfc:E« 5 ^«^g^y >y H k . 

iree*-<oi6iRi:t:iias*i>taaRo b aw^srst'^ 

k tte^LTi^ BineMkcOmieB AWftUSk . 

«riem-«o^«jiKEa^ixjt^t< t i>-oco««M 

gf 9 7<W(SCF)t^t, BUiB^^°-y HHTa 
&!%j£tti-&mi&-%< k t-o<^SCF k SrHt* 
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s&^r&t&m B AW) 7 4 1V-9 . 

[ mxm 3 1 ] gt&s 3 o ct e»<?v <^ ? ( b 

AYI)7 JfrflZ&^X. 

m^co - b ma b a w^scd 

tmmmwztiztinm-nm&mmbm'i yv-y 
yx^mm^co^ix^ticom—^^b ¥ 
co^ii^tLizm^r-t^msm-^tmcotesmmAb. 

-x b m^-t htzMzmiiw,~-<r>mmM b &slx 

b ■* h m%V ( B A W) 7 i )V 9 . 

[ W*JI3 2 ] SS-<0«&O«SW&;5^12[B AW* 
Jg#l^/¥$ <fc k £ftWLb~t Sit 

imi i^iem<7)^vp^^if}ft(BAw)7>f^^„ 
tx i b Awifeffi^o-?-^-?ixo*ffigic7)±*- 

£{^LT^££k£»^kt^fi:£«3 l^^fe«eDA 
/^:??l'f4i£( B aw) 7 -f . 
Cft^3 4] ^SgM>N';P^^f±j$(BAW)7^;l^^ 

m—cr>n^— V b , 

AW*g&k , 

^ < b i> -oco -f >- b*- r XXRR^S-C* ot, 

1 1— ooRIWFpC&oT . 1fEsl«fir< b l>— 
r>(OBAWgffi&b&MtzmitL. 'J?*<bi>— o«0|5| 

"CT <fc DJ£vv£l*1I£I3[^8iMBAW7 ^l^coai&if 
;£#Hc£ffiMB AW7 4 /l^co(5(3f4> 'MS 

mM'Jr%< b h-^M*m?&mm?bm%Z&%< b 

\>-m*y t°-yyx%.tfc^& b * { . m e^sss ( b 



AW) 7 4 /P*<z>#MHj§HW ye-m**-^^ v 

egfrg-rsc: t t«ffSt-r*ins!^^swt*(B aw) 

7 OV?. 

[lt^IB3 5 ] K#SIBAW7 4 S'J<07 >f 

lt*JS 3 4 (CiBtt<Z>*ttfflB A W 7 -< /l^ . 
[000 1] 

7 i)V9{sc f )^a£-M? 7 ^ ivsmtiz 7 1 )v?m. 

[0002] 

[ta!*c0S«] -»^5W4«(BAW)*S»ia» ( "« 
Jft'^^»tt»ft«» (FBARS) " htTtS^-C' 
ttfetLT^S) Srttft/'Ji^^ • 7 4)U?eom&ii s 
%at>tVZ:^Z>. 3EbLX~^cr>-&%\CD?4 7°CD^ 

wwmsam. -t^h^. b a w*s#g b mm$m& 
Mz-ix. b Aw*tmmmi%--r><7)nmb . 

c Fgica, ~ oco JEfl:S i Zowtl*^ ^ ix 4 „ 

cr>4*4mMb<Vffll,zffiW.Zti. WSMM^<^W.—<r>K 
WMtiK Er>com%fO*(T>^&9M.b'mE.cr>±MW&b 

nmizmwztix^h. *&mmz~mzmmmmbL 
xfemztiz, 

[ooo3] BAw&m&i&k&mmcemi&mbm. 

totx. mw.ftx'm^&fj T-^mb^ttmt^tti 
h) *mm-htzMzmmzti&Kmmicommm.<o 

zizm-&mRg&mme>mz<?)itm t 7<%^B aw* 

ti/h$t^ vmbBmmb*ists&. msz-izt^B 
Aw^gto^-cii, m&nmmimnfEinfsimii 

C0H(i±#V> o B AW*g^coMil?iJ*fi^cojg 
«dR<olBifflv^lM^««akfc:tt»^-6. «itf, 1G 

H z -C'l)^ t T ^ h &1&2sCOimn3mcDffl l,Z 3 0 M H 

z <r)mm.<rm&t> & «^ . £ 2 g h z tui 

|3ltr*Si:<R^LT), £^^>cO*fg^Wi6 0 M 
H z tfO^^cOH*^ t&X'bZo. 
[00 04] BAW*iISli, i*^b^Oy-Sft 
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BAW&M&Z'Stsy < !l>7l±. {iLr^h^o^'-Sr 

b LX b A-w&M&X'ffif&Zti&li LZ&y 

Z'&y < tl-fcom.mz^^XlZ, r g P S Wc&VDjIM 
rtlVtrmffik7 A )V-9 J ( K . M. Lakinffi(La 
kin), IEEEiBSMSaS'^^^. 1992 
P. 471—4 76) ^^flt^BtEtW 

ift*T*&. r-ocOB AW^i%4 2 i; 4 3 £#trftM 
W^BAW^L37-(/^4 lSrH8dteSrr. ZlO 
cr>W.nt£W&ZtLti B AW5*l§fl4 3 t 4 5 i: . Z.OiO^ 
mmm^tlfz B A W;*&8#|4 2 i: 4 6 t **tf *> d — ? 
OASW^r(#— )BAW{iL«TB7 i>V7 4 4*ms f 
fc5jcf. BAWIiLrjg7^/^4 4<7)^fiBIlIf&^H8 
h fc^-T . M£ 5 — PfOAiW^ BAWfiL37 

4 7&08 i fcr^-T. ico^ -r;P^4 7(i 
XI" htftJ^'-Srtf^TfcO, 08 f 07 4A-744 
<d»RLTV*4j&*, *Sg§4 8tBAWfttg^4 9 1>H 
£tl&„ CO7^;P^4 7O^fi0S&&H8 j tC^-fo 
[0005] BAWtiL37-f;W(i, BTU&ttSft. 

mL^frxtez<DmLcomm$cx'WM&M£'&t>ti& x 
oizmmmztiz. mmiz^ BAwmrf?^^ 

[0 0 06] mUi. BAWIJL37^^tJ:o 

i: „ b Aw*m;%cr>mm<ozii? ticomz t cowmx-b 
&w&m*tt&&Bmmti t &.ti>. mm. bawijl 
zmy 4 wcommmztitz b aw^mi{±, 7 4 jv 
9<wtmm%ixiz#£!&z. *)mmmzft^i: 0 izm 

it§tt&<. **>t&*. t^StifcBAWftigCJ: 
-5T#4,iiSitM9iJ*^(i. 4MHS8R;&#i)fcBAW£* 

juj&fsc-t-fsdfc-f & ( i> *> t i> . #*<ofc#is«s*i.;fc b 
BAW{itr»7 oisfX'it. m.^mm^ixtzBAwit 

/i^*MB»0«<Z)±»x -y ^'-t&^x^- ho±*tc 
7<y?-£^U 4fe, 4H^«S*ifcBAW£il{Bfc:«fc 



y-yf-»$«4«iatXK59BAW*«SStfDQ7 

[0007] mmmmztLttvmwiztifi: b Aw±tfg#g 

£S„ Mi. If, BAW^fiH^-oifctt-e^UjLhoK 

iEjDe$ri?jt^^Di.Ti» it*, fed— onmtLx. 
it-r^. i i: & t»£ Sl//X{iE^i*SSlO±gl5mfii<?)if 

mt>~tzk&x*z&. ztit>cr>xm,zi£-?x*>?mo 

ztiti b a w&mmz X -5 T£ t -S>#?W*tC i o t , 

^^•S&^M $ ^ B A W*i§& Ki^tftii *l JtKJlJ* 

IStc J; ->X 7 ^ ;l^^^'7 >r /u^iffi&fffisgiDTgBx y 
coT^rtcy >y 1-&m-t<7)X\ 7 /P^coft^^^oTSg 

comz iixmfeztizt^oztiz rapv ^tuti 

do fiaRHf. it?W^StL^BAWJ±Sf|i;^^S 
iTJtBAW^HSfcSr-S-tfBAW{iLr^7 ^;U^Sr# 
iTVVt«*fcfc^. ltiWagR$fl.fcBAWSS«#. 9 
4 7MHz cojt^ijitjgjf 980MHz COM^'Jft* 

j^^srWo^cot^gL, ttmmmztitzB Aw*m 
M947mhz <7)M.^mmm mkt 9 1 a m h z ok 

AWIJL37 4 rt^etiffttflttffiftftQ 8 0 MH z t 
9 14MHzi:C0^c0Htc;J;oTH^§il^„ 

[0008] B AW(J Lzlffiy a ;P^cottfg(iH4 biz 

m^<r>BAw&n&coM*m : ?mm®3&zM.z>bmz£ 
Kmrnx-zz. zemmmmziz, w&m&ztuz. m 
m>?7 9v?. dm) . mmmm^m (cm) . 9 
ttffiia ( r ) , m/izMFimmwrnm. < c o ) ^4 

ixi,. BAW^t«Soi[>?iJftSI±^fiB-Yy^^^yx 

(Lm) bmmmmm (cm) biz£->x±t&. b 
Awjtmgsnm&igMfflmkX'B Awmsmo^ ye- 

=^%^, B AW±m$*&M&(D£ 3 tcatH--S. ) . -ICO 

s«^«f?«^a (Co) frbmrnt txtktz, > «t 0 

(Rv^^-c«, BAW^gfgOW >-b 0 -^>Xli^ 
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M!hJ8&I;:<K& ) . 

[00 09] B4bfcB^III»k»(ttL:ttBWIIIB$' 
tt&ZO^BAWft« (^Jx.{i'^SSBAWJtjg§|fc 

ftX^&ftSW&ii^lC'^TIi. 7 ^ /l^co&ffiftiE 
irc£>&. BAWIitr^rM/l^OA 

^W^SWtctgilS^J&^tL. ^tilc J: -5TB AWli L 

?<0&l::S^vttfgJf$rffcli, ffi^iJBAW^ffiSOiS 

ifife^fijattRJi, BAWiiL37^;^ 

B AWli LZj&y 4 )V9 COffim^'L-m^MX'Xli %cr> 
mSX'WM.^tlh . ^BAWitg^coM^JftSJaiggc 

Ttt, »BBAW*fiHttll!ii|»<oJ:3fe:lgft»^. K 
Stiffll&O J: 3 VzWthU 0 ( LtitfiX B AWli L rjg 

4) . -eoiSS*, BAW(iLr»7^^^tf0^JfiS^ 
CrtJIJ* L v *H8HR£8roS#*« BAWIiL37^;U 

/U^ES&^fflS-r^ &«#ti&/K>i? A«£SltS 

& 1 



cooio] b Aw« lzb? 4 >v?<nrnmimm 

b li, mil&W&tit: B AW*Jf »#afe5i|&i3££*Hi 
coXolzM&Mo. Zco&m. 7 ^/^OAtB7llifflS 

izmmfcm&&zti. 7 iivtnmm.v^v^z 

Ii7 ■( iV? nffiimW.T-Klz? -f -77 
[00 11] HW^£**$rV*BAW«L.rjB7 4/P 

L37 >i>?i±yF+<ft%mjt&mm 

*MBi£) Wtt*Srt«l*I***S. f-f-77'yf, M$3 
o s HowBAW^Sfg^r-^tfi^lBlPgg-T-li-^^^v^B 

AWtiL<I'7g7 -f /P? (ffl8f C07 4 fi>? 44 aCOXo 
[ 0 0 1 2 ] 08 d(7)BAWIiUr^7 ^;l^^4 lC0i> 

3— o^jftSW&^^i'X^yx^lls e icia^Sft 

TV^S. BAW(it-r»7^^^4 HCi^TBSecO 
JiIS£f^X;K>"xa*£t&fr\ £<0*£\ 1 ) *S2s4 
3 k 4 2 1 i)K tXT^ZtlZtlCOm. li:*2ICJXhS 
jfcfc«***. 2 ) *i!2§4 3 1 4 2<0«#W££ftf 

, -£ft<me0* 1 1 2 lz U X h $ fifctm . 
3) 7^;l^^4 1**5 0OhmSg*H-r«^$ix. 4) 
7 4 A-? 4 ltt3SS*7-£*4 5 $rv*i:^-3 3,£#fifjg£: 

[00 13] 
[*1] 

3s 2 



(43. 45) 

m 


tf&BAW^fclSg 
(42. 46) 

£ 1 


(Mo) 


308 am 


(Mo) 


308 nm 


JbF.«fl : 
(ZnO) 


2147 inn 


(ZnO) 


2147 Dm 


(Mo) 


308 mi 

< 


(Mo) 


308 un 


-^^^(Si0 2 ) 


90 run 




90 un 






«-®Bt»:<SiO,> 


270 nm 




225 un 
* 225 UiQ 




352 urn 

* 352 um | 



[00 14] mi k*2 £ j|T 3 IC BAW* 



M&4 2 IZli-^nmmtf&ttl, B AW^^4 3 iZ 
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2fc:J:oT£fc42«aSi«Wi. n^&tt3ft&££c» 
4 3tC J: oT£t&ftiSJiI ttftj: 0«< £4. 
[0 0 15] 7 4 /^£iiUDWBAW*«&£F*|jg-f-& 

ctCiot &tf ^ /i- * coffin JgM $ ft*: B a 

wft«»aBnwc*t-rs , ^ -r )i>?<r>ftdmmztLtz b 

•^fflih-af^MSP^?:^^ < i b t>**If&Xh 5 . 

I8g(:fi. (7^? 4 1 ±0*vHROftfiH»** 

tf) 7 4 )V9 AA<r>$MW£ "is^a-V — isBVlZi. 

1 ) &fH»4 3i:4 5#, fil fcUXhSftfcflfrc* t» 
fi*«r-5«**» . 2 ) *!S#i4 2 i 4 6 *** 2 fc U X 
h$ft;tJI$c:»f*£i^Ja£i5v^ 3) 7-fW4 4 

[0 0 16] m8eb8gZ%.Z>bbfr&£o\,z, WH 

5^mBrc7 4)v?aa tfiH-iLhimm*. —-o<o b a 
i.*)\-><j&Ajm-&ti&. l*»u 7ov 

9 4> lz jg Jn w b a w*«S & ffl i-vfc i fc <t -> X 7 4 iv 
9 <WWr^t&& ^ 7 <iV9<r>&XWi<nv<.)\< 

tz.7 a )V9 omimmztifi: b Aw*»wi»t 
•cti*s. set> 7 4iv9<nm&%ms?*xv^oy®M 

SrikT J; 5 ttmttz b 1 b hixtzb LX t , 7 4/!- 

[0 0 17] M8ebffl8gi,zm*;CD£ol,Z. -eft-eft 
(T>7 4 )V9A 1 b 4 Ai/mAWWi^mHakit. fflfa 
gCX^? WK0I-J94 7. 5 MH zTIKfit^ft, 7 4 )V 

9 A 1 bA4cr>Zii?ixtzJ:-?x±t&&'mj&mt&(V 

wtma\m 2 5 m h z tj> o sat#T&*urr#jai 
«-cfflv>&ft67 <t )V9 izm$.zti& . 

[0 0 18] BAW^IBSAU<fflV^ft£i3--o<7) 

r«7 -f ;^l^«7 -f yi'^tftl.. «7^ 
/i^ii, E^£f££ft£BAW;8^a>M^J^£ft*: 

b Awftigswv^m*»$-as*-rs ( *> o t t , wsm 
m?&m^*&*m%%b' co x o %i&comm%9 4 7° 

(ryim&zm^zbizXizhifi) . i*ai««§ft)fc& 

£-$ftfcs«*7\ imz. ■iyv-9'yxmmT) 
imn-^tixh. mz. mmwtztitz*m&£$tsz 

117 4JU91ZH. fmfri&BfflS-VlteZtvtZTV 
$.9> xR^m^-k £ ft £ £ *>'£^ „ 
[0019H ye-^yxESSfflciot. msio 



Za=K 2 /Zb 
-9*^-f. 

[00201 7K5? yXKmm^FlzXiX . 0S&<Oi& 
Sil3y^^yxYb(±3y^^yxYa^i 

Ya = J ! /Yb 

[002i]7>f ^ajsmsST-fis yt-^yxKi 

[0022] r t yijy 7 ^ff M^ffiH^jOgiScOii 
#j (M. M. D r i s c o 1 1 flfi# (D r i s c o 1 
1 ) , m^m&i^y^^^. 1 9 8 6^. p. 36 5 

-3 69) b^oZMnw^mz, mmtfLx-m&zti 
b <rmx'wm.ntifz * ti^tico y-Yb vmvztiwi 

W&£titz\^<*r>iwi ye-^y^SR*f 

[0023] ^SM7 4 )V9 5 2 £7)— MZm 10a tC0 
*-n>., 7-f;l/^5 2li, *SSX1. X2. X3RXS 

4 >\:-y>xmm$k5 1 a- 5 1 dzn-tz. *m 

SXl, X2, X3t±. X, (co) . X 2 (co) . X 
3 (co) xmZtl&Ztl-t'ixOj >V-9>x£ffi£X 
V>f, Xj (co) =coLj. 1 /coC j -CS>S. L 

j ii**ve*uo2«fi»o3WB-r y^^yx^t, c 

£SU C j (i-?-ix-e'iicoftffiSco^fiBit?m^fiSr* 
co = 2 w f T-S>-&» 74fU952itttz. RatR 

4. 

[0024] -i ye-:*'yxK!K0g§5 1 aCO-f yf- 

/yxR^^^-^UKo nzmL<. koiik 
( 1 ) t,z£r>xmzti&, 

[0025] 
[Sil] 



N 



Ra {Rsp) x w 



(1) 



[0026] >f ye— ^y^teHJSS5 1 b b 5 1 ccO 

^( ye-^y^RiA-7^-^ii, -eft-eft k^, j+1 (c 

#L<. Kj.jMii^ (2) tcJ:oT«$ft§. 
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[0027] 



(RSp) jiRsp) i ^ x w 

[0 0 28] mmz^ 4 yt'-fyXK&fsl^ 1 d£D [0 0 29] 

■i >'f-r>'XRlE>'^^-^«±K n , n . 1 {C#L<. ^ [fSt3] 
(3) CJ:r>T*S*i.4. 



(2) 



n.n*l 



[0 0 3 0] ±^ (1 — 3) O&^rfciHvt. 3£t (R 
s P ) fcioT, fll*cOftll£gX 1 , X2, X3cr>mm 

vT7 9v^w^x-9tmii£ti%><. muz. * 
sscosssiur^^^aaE^^^-^ (Rs P > d j± 

[0032] M^<50^ ( 1 ~4 ) T, JScoliftJijifcfSc^ 

IS^H^^L, JBgn, g„n. s 0 . Si- Sj. gj+i 
liy 4 )V9 5 2 <7M V b* -r ^X^teHIifl 5 1 a— 5 1 

U Rai:Rb{i7>f;l^^5 2«i^JgSM^>'b--r>' 
X£SIU f dXj (oo) /d<y{±ja&tJ:&) = 2^ f IZ 

[0 0 3 3] yV-y>X5Cm®$&5 1 a~5 1 dt 
li:. 04*. if. Hi 1 ah 1 1 b<9l3B&5 3 k 54Wft 
-efl***^ yf-^yxRifft«U^ Vb 

%. -i y^-yy^WMM^S 1 a— 5 1 dcO#^r(±. 

hi i aizm^tix^zjidZimm^FLi—Ls^w 

1 1 blzm^tlX^Xd^yfy^-C 1— C 3Sr 
fl"LTt>J:^. 011 ac0EI?S5 3CI^ i^fLl~ 
L3<D#*«#fiI£(i|n]t yy^rJ'VXffiS: 

2^-r ^^yxt (-Li,z£-oxmzti&) imm 
3<o-r yyrfyxmizftmiztejE ( + nzx-oxm^ 

tlh) XfoZ>c\ttfM£L^* £tz. 0SS5 3co^<r>— 

— o<r>mm=?L 1—^3 0)4 yrrryxwit. y 

flsjHZi?£tLi>®g&5 3cO^Wfl!lc7)IlISS^fS^L 1 
~L 3 <?H ? v^fitk teS&S fc Wfe-^t t J; 
v\ ^SS^Ll— L3W4 y^^yxf (L) it. 5$ 
K = <y L fcf flffl LTftg-tl. i k i T£ h . fc« t Kt± 

last 5 3ch ye-^xxRiEx?.*— 

[0034] HI 1 b<7)[II8S5 4T', 3^f>fC 1~ 
C3<04H?tt#aUCttBlt (*6*f) lHt**tt£J*-3£ 

k#fi4 Lv>i<oco N ^cofi^ijay-r^c UC2 



(3) 



* (4 ) fc±->T*£*U> 
[00 3 1] 
[»4] 



(4) 

nm®s.mimm!,ziziE(+c<,z£r>xmzti&) x& 

ti&®$k5 Acntpeym^yTy^c \~~c3<rfflWU 

C 3<50ff«^Mffl ( C ) f± s 5»jK 1 = 1 /a> C Srfflffl L 
"CfW-Tiifct-CSft. Jtfe*LKlttlHB5 4f5-f>' 
b-- ¥ yx Wfc; *=7 X - 9 £ *-f . 
[0035] HI 0a^il7 ^^5 2^^- 
^>-XK«gE8&5 1 a~5 1 d<754iTll]K5 3 2rffl^S 

fit (-L) fc*9QR»xi~X3«04«fc:»El»t: 
"*4ixTv^" *»co«t3(cHI»5 2ti#i&-rs. 7^ 
;P^5 2(0-f y\Z—?yxWMB$k5 1 a— 5 1 dcO# 

yy-'y-tc l fcC3 (-O £ 

fcj&«««»xi~X3<o+KSaBfe: "ftMZtiX 
v^" ^coJ:d^[llSS5 2(i#t!j-ri»<, #fl7^;^ 

o^-ctiH i <d^\izm^<r>^^m.y ov9 5 2 ' tfDiftHjj 

[0036] #,^H 10b izte&WMy 4)^^52' ifi 

myr^ixx^. ftjg§§xitx2 (fi£g±. 

3{iHl 0 MdH^LTvvSrv-o k n y-r 5^9" 

ZizttioizMTHZtiX^Zb^d &&m*X. y 

?52" {±Hl 0 2i<7)y <)V?5 2tmVXLX^h» 
ftHSX 1 (i, g|«?L 1 ' 1 3 VfVtC 1 ' £ 

#ty«td^H*§^T*5D, *ig»X2«»j»?L2' 
tn>-ryHfC2' Z-ttsJiolzmmZtiX^Z. 
[0037] 0SS53^, HI 0b^H7-f^5 
2' ffl-f yb°-^V^ReiHlS&5 la-5 1 dktTffl 
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«mco-f vy? ? yxm ( - l ) s-^-r & ) a*? * 
52' o£&atc9ge&: "rt»&fvo*<&" *^J:3 

ht. 7^/^52' F*icDftiig§x i bWffiX-tzA yf 

-yvx^MMffi'S 1 at 5 1 bffli: U"C0S§5 3 SriS 

osptiH vy? 9 vx\t^ &mmx i cr>mm?L 1 - 

-( y?':?:?yxffit. 4 yb-r/yx^SEISIS 1 bi: 
5 1 aOf^^L 1 tL2^y^^yXffc^iA 

eqvJfL> Leqv = L l i-L-LT'J>li. (SL, 

OlUH^ti. SLe q v = L L1 -&>/K 01 — co/K 12 (C J: 
r>T«'®-^(f&<Ii:#T#&. .1.1 T\ wii^j&ifcS:?! 
L, K 0 i{±IUS&5 1 a.<7)t&><r>4 V t-f>'XRlEA5 
;*-?£^lU K 12 {±H]S§5 1 b<0-f >-h°-^yxS:e 

[ 0 0 3 8 ] 7 -< ^^^*S«3WH«ftfiffl8!3»S^ 

)v?n<n>4 vv-yv7^mm%k<nnmzz.->x 

[0039] — ocoWS^b — ocr>av^v^mi.tz 

TgmXW&i (Xl~X3^J;d^ft«S) CDV779V 
XX ( o» ) $r^-r^-7' (CVl)ifflllc izmmz 
tiX^t, iJ-7 ( C V 2 ) (i. ^S§n>-7-'y-9-i;^ 

tot ^xnjm&nmmimte (sr> 

a, ^Ba^virfctt^Lfc&JI^M^ftffitt (P 
R) izk-yX&Ztih* HI 1 c&MXfrfrZ>£oiz. 

t t ^ & wj ft &« fio»* 'J r ? * y x a - 7 t 

7^1^5 2' fcSttLTJi^itfHl 0btf>#SSX 
1, X2. X3fflBAWi^gS2r-t-tf7-f;U^-C(±. <I 

coy a )V9 nzft&-3 4 frtfm^^tiX^^tgr&Mift 
t,zMXte£&. 

[0 04 0] HI Obco^ffiM^ m<04 V 

b--^yxK*Kll]S&5 1 a— 5 1 dt tT0g§5 4 2rffl 

V ®j&54<^3>T ; >"-fCltC3<DfMt^:I: 
<B ( - C ) b , 7^/^52' C03 yfVtC 1 ' . C 

2 ' fc' co«* co 3 y t yifiotf £ vMfrnfo 

fc:-§-i^>*i4. 7^^52' (*rt'ftfSS§Xl 

iSSBLW >tf-r>-XS:te[Hlif85 1 ab 5 1 bffli: 



x i coav^vvc i - c7)ffm^*ffit , -i v\z-yv 

XWM®$&5 1 bi: 5 1 a^ayf^tC 1 bC3<on 

Ceqv = C cl -C-CT'W. CciJi^^T^ 
Cl' cOff«^affiSr^L. -Clil<f«)3yf/^C 
1 b C 2*>l«g»l«r*$-. itOBKSJl^C e q v = 
Co)C 1 -co/KO 1 -co/K 1 2t,z£-oXm&~W& 
ZbtfX'ZZ,,. ZZX\ ailZfflfe&ZSkl. K 01 {iHIfS 
5 1 a<?H yb-^yXRl&^^-^SrflU K 12 li 

HISS 5 1 bcortraVM yb— ^yxjxlfe^^-^fl 

[0 04 1 ] 01 ObltZm^-f-h^oZcy A i& 

&Zblz£^xmt-r&Zlb1) { M£L^. ztit>comz 

b mm b « . ^m^ifmm<r>w&mx^mt s «t o tzm 

WI3SS*-?«0ffi (U, C.. Co=flrif) JilHtSiiS. 

fftX'^thti&mmfmMmmmf/xtemmA vy 

??V3.mzm^$:H-iL&cr>X\ ftffitsifOiS^/ffla 

[0042] i£WiK*3*tfcBAW£«»56~58£ 
yb-^yxRlK^i: tT«fg-ri.=jyT r >' 
nfC 01 , C 12 . C 23 . C 34 £t£tf#«SS:M/k?5 5 
CO— ^y^Hl 2tcH^§iX-CV»S. Ctt^coayrV-^ 

C 0 i. C 12 . C 23 > C 3 4ttEIK5 5<0«*'"C4J-B«N*S*L 
Tv>&„ ^ix^con^rV-lfCo!, c 12 , C 23 . c 34 co 

t?«i*ffiti, y ^ >v? 5 5iz£. -oxmm<r>^mux 

KVX (M£ti^? — y—3. ■ 7^^fitVi7 

• y 4)V?<r>Vxxvxb'mkLtiVxxyx$:i;ts) 

\ixmm-&zbtfx%2>„ 

[ 0 0 4 3 ] ill 2 \<zm^cr>y 4 )V9cr>& ? ^^My 

<)V9 (ztibny 4 >v?te "BAWitfgti^ffia:?* 
tv 9 " bi> mitt h ) « , 31S$ v ^ii^^co^^il 
mti*. ztLt><n94y-<»y <)V?tf*tij^.)V 

j^coB AwjtM&ity 4 >u?com@ffii&*<bmmk.x' 

[0044]Driscoll <7)WttMziim.Zi\XU 

zxoiz, wm^ni. o %m<7)%W}m? < u mm" m 
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^ < O 7 4 )V 9 IZ jIJD $ ft 3 <I t J: o T 7 4 1V9 

[oo4 5] KAw&ffi&tmuzfflfcZKtzwm:?-* 

■&$S7 4 )V9 5 9<r>— Wll 3lcH^$tlTV^„ 7 
4)V9 5 9\,Zi,i^ BAW^jggg (BAW1 ) . (BAW 
2). (BAW3 ) ^*l<? f ;iX<DBAWft$g#g (BA 
Wl) , (BAW2). (BAW3) £ifefl|fc:««l/C 

TbLxm^&ti&zyryVCt^ c 12 , c 23i c 34 

i:#*g-£ix£„ SNl^Loi. L 02 . L 03 <?)3-*ti. Loo 



C0(1 (BAWl ) , (BAW2) , 

( BAW 3 ) crtdp^m^ cr>&ffi$s(7)mM&?mWg&£ 



01 



02 



[0046] mm=FL 

faMZil&ZblzX^X, y 4)V9 5 9t>mi2CT>y 4 
)\><9 5 5 fcrit^TJ!£v^iia««<oWl*B*^-i * i t ** 

L Q3 £y 4 fr? 5 9t,zpmi~&ZblzmmLX * 7>r/L- 

1 4 a t 1 4 b bZCOZb Z<F>% 
^„ 1 ) BAWitJUg (BAWl ) . (BAW2K 

( baw 3 ) tm3iz^zn%,mmtmzz$T'om$:iz 

^ 2) 3yir>"9-C 01> C 12 . C 23 , C 34 *^3t^ 
•T«i;»ML^ff«SM5r*L-, 3 ) iifLO 1 . 
L O 2 . L 0 3 tfifk 3 tC^-Tfii *ftt Lfc-f V^"? ? f 

[0047] 
[«2] 



& 


(BAWL BAW3) 


, 

(BAS2) 




28 nm 




±.^mfi au 


322 run 


322 nm 


JCE^Jf ZnO 


1430 dd 


1430 nm 


TSfc^ljS Au 


331 run 


331 nm 


KHSi0 2 


242 iud 


242 nm 




255 urn * 255 urn 


25b urn * 255 urn 


COK C34 


4. 94 pF 




CI 2, C23 


8. 56 pF 






7.2 nH 





[0048]#Iil4a?:l| l t, 7-r;l^59# ! 8 

* L X V ^ b o -5 i b Wh . 

[0 04 9] ffico^-frco^fiia^^^^, tth-h. 

SLbLxwsmaikyiJi'? (scF)gif -scf 

±OSCFilS£ffl^£v:t# I ^ftT^& < , jffiS^ 
7 4 ;P ? fc S C F ^aSrffl l ^HjAU . MS*) B AWii 

ix£>cD7 4 iVfttlfii. K) &&%m±&mffimm : £™ 
(HSctSCtfDFfWfcfflflWrffljaSRl'X 

[0050]l8bC, SC FCOAMW^* 1 *'*^ 



7?>A (2Lm) s mWlfW.'&M. (Cm/2) . ^flffi 
ffifit ( 2 R ) , ^«M?iJ f»«$M ( C 0 ) 

*ft*. 08b^T*)*>SJ:d^, SCF{iM?iJt?« 
mm (C 0 ) ^*i-*l»fiUfcLC^«»t#i4«Ik 

^•c^So ztiL><nmmmm*. <c 0 > <ofcftc s 

S C F^«£{ii;cfc3,WS:£fiiM7 

{4, $mi l zims<7)ti.pmm®*.c 0 tf4 >v-y>x 
%Mm=?-b Lx*>\-umm®$h&mm-t& z t 
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[0051] sc Fsssfii, mi& n ttMmzwck 
«iia««mf)Siiisc f mwco^mmmm^&c 

mi, SC F^B^{I#S8f?fl;<§*C o k coit^WiSt 
ix-i.E«^^K;HcJ:oT^^S. fPRtf, SCF 



<7V*£#tfSCF: 



[00 5 2] HRK. ±i:LTSCF*^«^, il 

mi. y 4 )V9<7)z„ -ocow&mwiztitz scf <?mw& 

j££;fi£. ztit><ny 4)V9<?>^ WttnkottftWg. 



tmm& (co) <*>+<o>jwfc< i: fcvKofr*ia»« 

*rotltNo. 5, 3 82, 9 3 0fciBtt3*m** 0 
[0053] S C Fgl5-t^l«5r^IS7 4 )V? 

5 6**01 5atdH^$ixTV^o eico^ffiM:? ^ /P:? 
5 6tC(iZ'OtfOSCFilS^-^:*)%SCF5 7. 58. 

L p2 #*i*l4 0 HI 5 b (±01 5 acoy J )V? 5 6C0 

MW^ill/X^yx5:*L. 1) 7^;^5 6<7) 

S C FMm 5 7 — 5 9 *>*I4 tH^WS £ JS£ 
/12"£v^ 2) SCF8I57- 5 9<D#*#:m;^ 

[0054] 
[«I3] 



H 


<SCF57£59) 


m&Z (SCF 5 8) 


pmfl Si0 2 




107 nm 


±681*® Au 


228 run 


228 nm 


-b«i£«I# ZnO 


2020 urn 


2020 on 


«ttfg« Au 


317 run 


317 nm 


Ta&fcE*« ZnO 


2020 run 


2020 nm 


T«»« Au 


282 no 


282 nn 


MJSSi0 2 


186 mo 


186 nm 




310 urn * 310 urn 


310 urn * 310 urn 




* 

8. 3 nH 





[0 0 5 5] S C F SI 5 7 ~ 5 9 <7)S**Siiliff 5 
4 £ s $ fufcMSrp L P i k L p2 c7)M?iJ*ig k , 

X. 7 ^/l'? 5 6 (i! J(f 6 4 0 M H z tX7 'J ■ V 

ul Mimi£commte v&^mmrc? ^^5 6 iz 

fa* L<=5r^„ HI 5cil Mi£S:9 2 5MHz k 9 
7 0MHz^t, HI 5b com %M.\/Xtf>XCOffitt 

5 6<75SCF3£a5 7~5 9ti. 7 4 )V 9 S 6 <?MWfr 



■fit. 7 4>V?5 6te7 4>v?5 6com&^m®tm. 
[0056] feLho»i?B*#*-*-& k . 7 fi! 

mm^w^.7 < f^iz^tii^mm^-comzitK 



(13) 



ftffl^-l 1-346 140 



•t&y 4 n-fZMffit&ZbtfmtL^b^oZb&h 

C00 57] 

%mty 4iv?b mmmcr> scf zmm. y < >v?t>^-t 
coo58] mmmcn^mmy 4 wc ± o 

^^tJt^T^frvMR^tt^fcfflivarj&s^ 

[0059] iflmrm&h mmbm&iz. mmbim 

[00 60] 

CUB****-*-* £^A/p?«eifc£jR 

*HMIM|gft7^;^ (BAWR-SCF) ^afcl)^ 

fcf. ^1SMBAWR-SCF[5]g&(i, Ho^-hi:. 
I^-K- h4^SS— bW,—<r>#- hcofflilgU Ltzm~ cr> 

mmb. m.#-h<p0)mE.bmwc?>#-h0)fgi£&WiL 

tzW,-<Dm®.b*tth« ^SEMBAWR-SCFUIK 

\t t tzm-mmx-mnzmm La&tk <bh -m b a 

wim^b . < b h-mmmwfeiky 4)v? ( s 

CF)k tt-t h . SCFIi fB--«»-C«SRL/£S|— 
Stf* ~ WS* i: „ JRZ^nt -?SBtt L tz SSHcoS* i: * 
flUTV**. CC0^@SBAWR-SCFHIfiS(i, %R 

[0061] *%BJc7)-o^HSt^J{3J:^<±\ 4*5: < b 

h — 3 CO B A W^y^Hctill— CD B AWitjg^t ^ ~ i0 

vxmm^-bifi^&ii. b t> — mmmm^iz 
im-^mmm^bm-^mmm^ti^tti^. m-o 
BAwgjmbm-M >v-yyx%Mm z ?-<7)%r«\t 

£X^h. m— COBAWgffi&ltttz. SCF<7)I-£0 
ffifcbtti£LX^&m-COlft%ii>ffiZX^X . mucoB 
AW&fi»U % SCFcO|g-c7)ffl*i:fe-^tTl^^- 



^zm-nmtiZffiz-. m-commmmm-nB aw 

*SNftfcJfeflt««LT^*. 
[0 06 2] i7t*%Hgco 1 rcO||JtMt'ti. 35-<7>f^# 
*flJ$-W,-K- h f: &£- L T v > & SfS-^SggB £ fit i » 

m-commm? a .i-ob a w*«&<ogs - t 
s c F^m-co^b <7m<F>m—mm.izm& Ltzm~cr> 
mtK*mx.xm, jet, mzoisswmi, scfco 

m - <7>Sg* b n~cr> B A WftiS««-« bcomco 

m-m&izmmLfzm-nitmzffiz.. *tc. m-co# 
-hbm-&Lx^&zti?tL<Dm-<7)ffi®£ffiz-x^ 

-hbt&-&Lx\,^m-e>ffimzffit. 

y yxwMm^tmm <r>x- h b m-s lx v ^ &m ~<om 

mzmz-x^h* 

[oo63] *%m<7>^&hm&miz.i.ix\x . igss^- 

O^SCF^S, #-BAWit|g^, BAW^jg^tM 

WtaNKLfcSKHf^at^ZoiO^KieRSiTXr-f 

Ufcae89i*t0i<oiii» t mu l tz bawr-sc 

F0|f5*^«$^-S» . B A Wit«S(i -OO SCFgl 
-CDX-bbte^LX^ZtftJiib. BAWJtffiS<7)«* 
o^J®*i:?r<ixTV^|> 0 SC FSio4»OSZc7)gi 

RK^co^iJo^— cornet . ^— W SCF b B A 
z-X^Z. set, ^yb-ryxRKS^f^zico 

BAW^y^t^-fiOSCF^ISOS^— & 
Stl#£LT^&lg-<^Sgfl£fli;L-C, 

[0064] *mitz*tLlZ. ±WRWLfcaWM»)ia 
SS<?)J:d^#-IlIKrt-CBAW*ffi#§. SCF. -Y^b 

l&8j{c ±ti\$ , SCF co^fiM?iJt?«^SC 0 lijgt-f 
[0065] *5WBO0»-C"ffll^fL4fflW««iHi («i 

\im\m&^b4vv-?yxmmFF) <rmt. 
< bi>^<r>-fr<F>$mgLco$,mw.y 4 rv-fx-m^^tix 

£o%m=?coWLbit'<Xi8;®-t&1)K ZtilzLfrfr 

h^-r. *m\<n®mz£^xm^m&i&t!ii<v&wmi) i 
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y-oVfb Vt&mco S c F ijV? Wtft?z. b ifi 

x-% ^m^MLU^yMzit^x^m^ittzm^mux 

[0066] ^fttycvi, o — -xnmmz Xixii „ s c F 

^fiBMBAWR-SCF^gcDJDfStf) ( "Rff-" ) 

4"C»aja8rr4 £ iiz<r>&m.x'm**mmmkxtem- 
mmmimmmk zuLt&zttfx-z&Bz <m.m z w 

■thXodZ^ S/?^HB AWR-SCFUJggcOSC 
F (<Icr)SCF^J:^TiS?iJftli*^t^) £SgjtLT 

i>iv->. ifjSWi^Hjco^ffiSBAWR-scFSS 

ti, SCFfr', -e^ixcO^ffiMBAWR-SCFga 
i§ ISj£ftSS£- ^Chi. o izffi&Zti&z b *m& L 

V\ ?ffi!B AWR - S C Fgf #,:^(?) 

3fr it L-*^f V tb^o m&cntztbX'fo & . 
[0 0 67] ^SlBAWR-SCFiKCIl M^lf 

h S C F £ |*| jg-T S tt«CT) jg S & ^ -f TO B A Wftfgfl 
b SC F*^^ilT^Tt>J:V\ fiSBAWR-SC 
FgiltsHPS £ t fc: i otffi^^7 

mw:£<offi&mzm±T'fo&b^oz.bX'$>&<. t>3— 
tkizmmLxmi-tz x o =srs»*«»5 ^-^tT-e 

WI^^IIBAWR - S C FflBTiH? 5 7— 

wm.zmm-thwtchm&b lx. ims^-nrna? 

tetZbtfX'Z&b^oZb tfih 6 . 

[0068] *ftW(ommmmMiz£tu3!. ±izmmL 

-*gfc*g-£§*U ^HJfc2PML^^ffiMBAWR-S 

[0069] a^sifflfcRBiLrRini+SH^fta 

[0070] JjUi^i*&H£;K*t£.|l-^<0«(£g 

*ti m tffi&mm z arra* . ^-f l -r «hok w 

[0071] 

■tl»B>ffc, HI a—4atia^W^i?5H4jS (BA 
W) SISt . H5 a— 8 atH^coa«Sfe H B B 7 4 )V? 
( S C F ) fctoUT, fttttCflMlfcWlWS .Ha 
~4 afcH^W^^5WS« ( B AW) fSBtov^T 



ttfeftSfiffl^AilllB j i^a 1 996*1 
0^2BtiiilO. Ju ha E 1 1 alzX^>X^ B M^iX 

ti, jzizmt&mLx &mAtzmw.zti. nfff^tum 

«*BBH*fflFNo. 0 8/720, 6 9 6t5efc:£ttS#l 
TV 1 *?,. HI a~4atcH^WN*;l^^9ltt& (BAW) 
HScD^S: H5 a— 8 a£05fc<OWJf SMSI!,? -r 

/P? (SCF) fcowcfc. r^jgt^f ms^b? ^/P? 

fcV->d^T\ 1 99 7*5^2 1 BttiUcO, Juha 
E 1 1 afc:J:oT»yi$*ufc. #a^*iILTttJli 
Atcf8«£ ix^|3lB$»M*ll#l^ iUMN o . 0 8/8 6 
1.21 6tieS8SfLTV>S. 
[0072]Hlai;lMC, ftMfBft£fcliffift>f7lffifi 
2 8JSOB AW^SS 2 0 <?D«Bfffl<0«BHat/Tffi 
H£^ftWfn*\ BAW;£fg§§2 0(±. E««22. 
■ 38b, ffi»ii38 a (tflM 5 K&if) . ^l«ffi 

"C*ST»««2 4. *2«BT**±»«ffi2 6, )P 

2 8, l7f • ^yK>>40ai40b, 
■yT34at^6R3 6**^-6. E««2 2«, K-fbffi 
»(ZnO), ei-ftffiiS ( Z n S ) fcSV^i^bT^S 

^<7A ( a i n ) ^rifo j: o %mmt Lxmmx-% h ± 

*>, #±«3 0St/ftTil3 2£ifr-r?,*^ ^JUl 
$rfflV-»Ti> iV>. SJtl3 0(J. y'j3y(Si) . ~ 
Kitl^* ( s i 02) , .ifJx'jay (po 1 y-S 
i ) hZWimfcTfH— ( A 1 N) %b'&e>fR 

%>* ttz. «T»3 2«. y'J^V, ZJWkS* (S i 

02)M V-»tilA-fL** U >>A ( G a A s ) & 

•?>. S38bt^/i, S i 02cbl>V->{JGa As^ri:**> 

^fiS;?.. TSP«®24{i, £ (Au) . tuyf^ (M 

o) hh^iT^i — ^ A (Al ) ^i:'*»^>^Si><?5T 

$>-?TtJ:v-^\ *fcfflv^4it*«a4Lv^ tv->oo 

f±, Mt. £E«fli2 2 0jft««t«fe:flS(?5tmj:i3tbt&* 
*fJ^*tr*^-C&?>. ±gp«ffi2 6{i;, ^ (Au) . 

ty/fV (Mo) fc^V^iT/PS-^A (A 1 ) ftb' 

■i,^i;* j a4Lv\ tc-gtcb. T)v*-^M$msm& 

^mv^ttftS, ^S2000S)S4'. S38bt 

3 2ii#— «t LT^«2 0co««3 6±t=Rl*fc:jRK 
§il?>. I7f • »>>f VY*7A 0at40bii, 
-Si:*3 8a$rSv-»Tx.yf-^i/S:tT-5 w blzi. >9B 

fcztiz (twmm. mmi,zy^./u^ti^m3 8bb 3 

2# { -C*#&) . «K3 6«. y'j3y(Si), S iO 
2, G a A s Ji§ t>IM7^i t'W i 3 

X-yf- ■ >>>fyK>>4 0ah4 0b«0'f&IUS 

S36 ap^'x -y ^"y? RJI^E S 3 6 ±lz 
ffcmZtLX Li-5^x7-¥+ -y7°34*^«$ix 

[0073]l22CBAWJ«21^t. BAW^ 
S§s2 KiHl atCflJ^-ri,^gt|tc^{RL-TV^3i)>\ 
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2 8<0jSl^fc*ttJi3 9£^3 6±lCJ^-r*. ft 
Oat4 0bco4 , Srii^T l ®aS39* i KO^* i ix. x 

r-^f-v 7734 . 3 9 jwr o E&a* 

[0 0 74] MM 24 1 2 6 {Zhtz-oX WbU^tlh MS. 
icjSt-T, ft}§2§ 2 0 1 2 1 emJUZtt LXBMM 2 2 

imm^±^m^. &2 8 t^r-*?* -v7'3 4 torn 

f - 7 x -X |c X -5 T £3f § *lT M 0 Bl 2 8 tfO A 

i<7)idtcLT, xr-Jf J r-y7°3 4(i, ffil/12 
2tc<t-5T^tU$tlJtiii6&S«3 6*>^SrrS. 
[0075]i3aia3bll ho — P<7)3£B, ^ 
;b*> , -fa®fcm B AWitfS 2 3a cO«BrffiOtBUffi0 
t^SiaSr-eix-e'^-t. Jf 3 8 bSrfilxTVv&V 
£I&V>T, BAW*fS2 3 afiil aiOBAW*K 
2 0COimtmW.<?>imZLX^&. ifc. H2 8i:X 
T-=*f A- 773 4 tftSS7-7 0 tM K>W£ ^tiX^ 

t s na 2 3 awmmnmmumim h^tz 
^imiz-t htzMz^m.2 3 a zmm-t 

t ttffi 2 4 i: <9lBfcRJ*4 £ 2: t>T & « £ 2: C@I $ *X 

[0 0 7 6] ^#S7-7 0(2:3jm<OJf (M^.tf3^ 
9C7)B) i3aCSfilfS7-70 
«3oOg, -r^T^*>, iii7 0a. 4>iI7 0bS 
^iT17 0cl:tt§„ 70a, 7 0 b.K.t/7 0 c <D 

&m\±. Mtimmcorp'bmmLX'im4ftcD 1 t^L 
i^'jay ( s i ) , -mtmrn ( s i 02 ) , #y >-y 

3y, r^5-»7A (A 1 ) <bSv^i^U-7-^ri:<0<J: 
£1z. +HDi7 0btt, & (Au) , t'J/fV 

(Mo ) ^^.^ti^y^xf-v (w) %a {fvyxf- 

YcMWSsnA >t°-yyx & <&v ^miz^x. hc\t tfX'% 

E«« 2 2 j6«WW4 t . %titf$L?i-\& 
tflllt I7 0a> 7 0bStA'7 0ctJ:o'rti{5:* 

ttlO, Sit4'(iS«36cox-x^->'i/S:^ 
t LSrvvtawc, baw*IS2 3, iI3 6li. s 

i. Si 02, G a A s , #7^*1,1^7 5 •/ 7tt 



[0 07 7] 124 a{C, to — 5c7)^>f 7^)B AWftig 
S8 0cD«||lf®Sr^-r„ ftgg|8 0ti, E««2 2, * 

1 ifcttT**S2 4 , »2 4fcli±a«ff2 6,. $18 
8X1^4 T (fetf* ) 9 2 £#o»£9 0 £3Tf ?> . 
ffie«2 2, flS12M«62«82 4 4:2 6JKflR8 8 
fi, Mtl$2um^l 0umcr>1if-m%m2£Pr?Wm 

(stack) *BWh. &tz. £M9 Qltfflz.it 
0. 3mm~l mmCOmZ&ftlZttfMt tV>. H8 
ScOXTtCfitB-r-S)^^^ T 9 2cr)gB^-(i, fflUf 10 0 
//m~4 0 0x<m<0^$5rJfO^t^a^LV^ *^9 
0(iS i ^JtfiGaA s^i:'2-*-r4i><0TJ)-?Ti>J; 
v\ ft«^8 0i:±IBftiig§2 0i:{i. CltL^coilBO 

&mw.<7)i±mm 2 2 c «k ^ x& t s s^wibii) 

tid^Bg-TS. L*»L» .I*i^ftg2§2 0i:8 0i: 
<?"J^tf. ft«#|8 0<?5^, JB2 2, 2 4, 2 

6M8 8 <7>-r^T $ mz . a^gp^x ■/ 

f->-^ix-ca«9 0<OT*^BX9*£>iVSW T9 2^' 
[0 078] ±fEBAWfti8&<75#*Ji, X.''? 
RJftL-CtJ:^. BAWWi, 

ftig^aia t fcicydat/f^ftis**^. b aw^iis 

OftSS»SC«. ^B«0«llKJ:0*fflWt«i:*!;0. 5 
GHz — 5GHzcr>&miZ&tz$>Zbi) i fo&. £fz. B 

[0 07 9] t»3— ?«^>fr. "TfcfcfclKJiStSfi? 
-f^— (S.CF) (OBAW^aco«^^rHi6W$:^ 
05a~8a2:#Blt^%i&a^S. 05 at 5b 

mmma&y ov?-2 0' $r^-r. scf2o- 

Ci,S36, 32, 30, 24, 22, 38a, 38 
b, x7-^773 4SU r X'yf • >7-f yb'^4 0a 
t4 0bj^fifj£$ft.?,#, ^ft4>t±±feBAWftig3S 

2 0c7)<tfi£i:Pa<KLT^?». i#ife<0JBfcinir. «® 
MS&J!i7 4;l^-2 0' <i, ±ieBAWftHS2 0«o« 

2 6' k#tf„ SCF2 0' ttifc, «Si2 6' _L&tf 
JEttS2 2^±^ffiB$ixl»iiSDffiaS2 3 tUtt, 

SCF2 0' ttKK£E®i2 3^e±gP7)-±tcEBStl 
4IS3(7)±g|5«®2 5**t*. «®2 5i:2 6' {±, B 
AW«S2 OcomSi24ar/2 6 fc«{Rc7>W$£*-f 
i»t^T'i>J:V^ i/t, E«il2 2fc2 3«±, BAWft 
feSI 2 0 co&mm 22 k m®\Otf®*^& hcnX'hi. 
\>\ £tz^ m5at5b : tM.xm^Xoiz. »M®38 
aliSCF 2 0 ' Offe^Ji<50SC^ StS 9 Jt'ttf^ < , JE 
ftS2 3t«^2 5cogp^tS-5Tf§. SHJLh. S 
C F 2 0 ' &E.W92 2RXS2 3 Sr^^-filSS 1 cOTSP 
EEVI2 2%.tfm2cr>±.%M±WM2 3 ft h« 



(16) 



ftfflW- 11-346140 



[0 0 80] 06(i. itti3 9*»Iifc, 15aW 
5 b CO y 4 iV9 - b WM Ltcmmm&¥ B 7-OV9—2 

i' Ztf.-*. vmm 3 9 Srjflir ^rxr-df r (06 

BfrWl&fiU. ffi««2 2{±@3 2tcJ:^Tffia^iXl>„ 
[0 08 1 ] 07 a(C, 03 at 3 b CD B A Wftjifi 2 
3acOSi;«Mt7t. 136, 70. 70a. 70b. 
70 c. 24. 2 2. M>'3 8a£*-r-g>-#l!j£M« 
lig a B B 7</^-2 3' Sr^-T. SCF2 3' ii4 
St. it Jn<7)ff*il 2 3 . SZltffSflSi 2 6 ' £lXgg=± 
SBttffi2 5 mfiE2 5&l>'2 6' tiBAW&Jg§g 

2 3a OAS 2 4 2 6 t «iRO*m* S *> 
t>X< . ffi®l2 2&IX2 3(iBAW*|BS2 3ac0ff 

m«2 2t«<^ttm^.g,i<7)-ek,i:v i >. jehm2 

3t2H;l£2 6' fcflE«*2 2tf>»ihJ;fc:Ejt3*U 4 
«ffi2 5(iff®i2 3<OfLhffl±tlBa$nS. S 

c f 2 3 - cornm 2 6 - izmtmmb Lxmmt. ## 

$7-1 Ob&mm22<r)W>ft*mo > «ll3 8a 
«. SCF23' <9ffi<93Hi-£ll3**tt'C&<. if 2 
3. 2 5. 2 6' <n&ttZWo. 07 b (2. ®8&2 4. 
2 5. 26' &l/ffiaS3 8 acT)— gfrfrSr-£tf SC F 2 
3' ?)±Jlgfcfr£^\ fHBOffllJ:. SCF23' CO 
EMM 2 2 b 2 3 ti. ^-ixm. SB 1 cDTSBffiWi 2 2 
ai/SS 2 <D±gftEfl;)I 2 3 b *?& . SIB 2 3 ' *%rSO 
EiHftJE88ftt£-5-£.4 d t Sr "TSfit:-*- S7ttf>fcilg2 
3' *R3M-4#g>&*»4*&fc:li. Si-r&ib^lBlfSif 
(H^iir-f) £11*2 3' 5-7 0 tmffi2 4 

[0 0 82] 08 a«. ±SEBAW*g»8 0 (04 
(a) ) tfDflU£t»ML*:. S&9 0, M8 8. 

T&mm2 4 . mi coTM&.nm2 2rwut9 2ts> 
BSc^aicaDxT. scfs o ' (i. iMbmokcymfi* 

&XsW> 2 (Dl.BE.W3 2 3 . & 2 <0"4»iatBffi 2 6 ' JSttX 
S&3«0jJCTW2 5fc-£tf. BE«li2 2i:lt8 8<08lf# 
±(c4>ra«ffi2 6' fcE*r*. *S«ffi2 6' bSM 
M2 2 coBttltZEWS 2 3 £ffiSt-£ . 4 . EMM 
2 3±{:i|jS3?)S«&2 5£geS-r&. £O«BW*2<0 
«^2 6 ' ttfti&^SJ: LTIMW*. 
[0 0 83] 01 a~4 aOBAW^SSrSJaTSJt 

&£fc**tr#4. ±fcm»LfcJ:3$:SCF<03H*E» 
£H8bfc:jj*f\ 4*:. iy*U£j;3fc:SCFUa£tira- 
t^^^yx (Co) (08b#Hl) 

ST'SbO. LC««mi&fcHKfctjfc SCFiilt 

er^&o^-e$> h . 4^. ±ia«oBAw*tis^^ 



[0 084] frtci^HfltTtid^. &*M<7) b a w±m 

^mrny j/i-fbsc f^ii? < /i^j±—*m;:*!R 



tt7^y^rt-ca^<05H» "HIT #f fctSgWS £ i: 
izii . #R {£ . 7 -f )V-5><r)im%i b &$qf=SM9E L?t* 7 

t <k ^ . JEKMtcKSa U^: <fc o 
(C S?fJ«^$ix^fi2r-i-tffi!*a<7)$figM7 
fclli. — «tC01 1 at 1 1 bt0^<7 ) *- : fcoj;5 : 5r-f 

m^tmbimz&mi'Zbizz:'). mmmmm^com^ 

QMlz X o t 7 -f ;p 9 cr> W AW%cr> w<.n< £ m#> h z. b 

9\zis±tih ^mm^comzit^x >j>-% v * cosisr? 
m&ti&zbtmtux. 

[0085] VXkCOZ. b Z^feLX. B A 

w^sKfik scf. (BAw±tm®b&mzmmLfz 
( a ) ^ yf-yyxm.$m=Fb ( b ) mmm=f<r>x ? 

b mm®* t,z x h s c f 7 4>i?cr>mmb m&t 

XimZTri-tZbtfX'Z&Zb $-5H2t^r„ «tc. 

«:?iJ»M§fL^BAWifcSt|fc«JlM^ H e B 7^ 

< b i> v ^ < -^>*^^*Mco$ 
iiM7 >f /t-^T'fflv ^hixh X o Zm^comzit^X 

yUv--/^ • 4j^. 7>f/P^^S 

CFfiS£l*n^r&.ri:t;=J:oT. *^BJ#{iSCFg 
co^fB#?iJt?«^4COS:^L. £il^iOMM*?« 

^fcUTWffiu ztuzx-ox? jjvfx'nmmiz&m 
Ltz. zti^commmMMn. ? iivwiamm-iy 

v-yyxmmmTbffi&Lxm-J yv-yyx&t> 
W.Z.A yt°-fyx's.%ti?ticoy i >v? coi&mgWM 
yv-yyxzm&t&tztb\,zimfeth . 

[0086] *w%cr>7 ^ twt&i^mmmvmmm 
bftm<nm±&imm : £ j 3-z.2>tz#>. ^^baw 
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imwrwm&jmsmmmiii&y < ( b a wr 

- S C F ) SBXtiHIK (XJ4FBAR-SCF3IB) 
VXu iS-(,zfc~> X9Mit-t -i. Z k i«t6 £> . *SKJJtf> 

^®MBAWR-SCFiia<50BAWitSg§i{i, ±£t& 
BJtJtBl a— 4 aLt,zm^cr>im%BtmMLtli>cr>X'h 
-?Tt4<. ^^ffiSBAWR-SCFiii?)SCF 
14. ±tClttBJL7tia5a— 8 a. Izm^SCF tmUL 

tzl>coX'$>->Xi>£\> > >. 

[0 087] ^B^iO^ffi^BAWR-SCF^acoa 
*If W^ffilB AWR - S C Fgf<?)S* h 

^-fciiWftfiottflifettSiifc b AWiWBfc s c ps 
BAWAMfc^£lHELfcl*W*?&tf»K£ 

^ffiSBAWR - SCF^It^iilS B AW^iSi 

sCF^a^St«4, WiftRl' c 

fSot^S. Witf, #ISBAWR-SCFJI1I: 
*4#i4#BAW*»»i:#SCFi6itKJ:-5T> §£B 
fcUi-en-WwOttJ&^ti. »BAWR-S 

cF§nmzm^e>tL&mim?ma&. zti^mmz 

[0 0 88] #&BJi«^fiESBAWR-SCFgS<7)iS 

it*. BAWftfist scF^a^Ji^wsat^ffia 
t4 . utmzii b a w*iss tscF tmm<r>mimx**i 

MX'%Z>£o<,zMm'f&ZttfW.£L\,K z\tit><owm 

S*ttSr»0) OjKO^feT. BAW^^tSCF 

nwmmffim^m. (mm. Lm. cm. co) 

{47 4 /I-;? ^^ffltaR^fe-r* 4 o fcaWW" h Z. k 
**S*U0 . <BAW£«»i:M?l(c8»L 
fc) RW^cottaWBlRSfi*. *f&Bjco#M3gSBAW 

R-scF^a^fflv^irs^ES^- (-r^*>i3ira* 
^) 0>4>y?9yxm±. mm. ^mm^mzi.-> 

X . t "CRUJRWMWfciSN* L?tB AW££» 
£>E*Jf<off$$r£fc:«k-3Tfc**. mm. ^ffiSB 

AWR-SCF^B£^t*l&f8»*^ffi«4. #31 
fcli#»**W^^#JfeWfc«tt Lfc B AW« 

B AW^R»tf54"C»J?!iHR'C* 0 . #fiR 

mb awr- sc FsaoffljaiwRto+^fflaasrrt* 



£. £<04dfctf. ♦UMBIPFtioT, ^ffl5M5'J8f 
ttSftC o *3aKHIM«+*giliHRT«8rt- S i fc ** 

^ISMBAWR-SCF^^^SiM^O^llS 

-?-^4 o %mmmmm?<n%^y 4 
&&®mizit«.x±z < tch . 

[0089] S§tJJ3r<£»lc7);7 -r rt^KtmtR KftoT, 

■$\ BAW^#ghSCFJl^JI$/ffi«CDaS3Hi?> 

[0090] ^a^/vri^cO^cOF^aotScSt/^ ( 1 ~ 

-^ye-ryXRatRb, ffl^«lgw^r i: iOffi ) # 
jMIRSftTV LIT. BAWR-SCFgltffl 

'*7J(-?m (i-%h*>. Kj. K jtl ^rif) {4. ±i&0 
5$ ( 1-4 ) fcfflvvCtWLTfcJ:^. 

[0091] ztit><7)4 ye-^yxRK^5^-?fi 
i//x«4-f it. y -iiv9n<?>4y 

v-yyxKwm^nmvtcKwm^z^xm&hM 
®&mT<r>m&m (mm. Lm. cmat^c,) 

Jt^WS^aaSTB AWitffi§§i: S C FM? k tfim 

x'^hXoiz-t^iUm^h^m^^h^. ^ 

fiiMB awr- sc Fiia^iiSl^o4>o^^r.< t 

aM-r^>*ffi^S^ ( B AW*Mi: S C F *-ttf ) * 
*-T!>#IE3iBAWR-SCF^B£:t&H\ l^a* i; S 

iffi&ffij yh'-yyx tt-fh 4 0 iz-? h Z. k fim& L 

k*mm%L®LttLX^Xi>&<*\ L*»L, Zixt>cr>m 
k ( n - 1 ) #gco#^ ( Ztl^mTcDMJUmMV 

nmmk&mmm&k'ttLx^Ti*^) vx? 
m&L&ki&m*ix^xi>j:\ l \ «ior. 5mxnem 

£7)®Srl§tt-i>4 0^ttt7t#SiMBAWR-SC Fg 

[0092] ^BJcoi, 3— O0»J:fllf. 
^tSMBAWR-SCF0SScOSCF(4. ^tlBAW 
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JU&fiC<OV \-ftd!p£ S C F 1 $ •£■?> i **"C* s 
^Htci^T-S-x^ix&i^ffit U\ tot id 

o KM * CD^mz i. iXWsb § i b ifiX # § . 
[ 0 0 9 3 ] SFiiWi, S C F W%tl?tl<r>&Gm. B A 

wr - scF&B<ttiff+'M5»jRt\ «*&«CU:fc 

<, m--mmm$n&£. t h x o iz . ^^jco^simb 

AWR-SCFS|g$-iBl^ri,C:i:**liiL^. -f-OJI 
Sli, *-h.^U9gBtf)f Iff (ffcfrJffiHR-C S C F 
*f)3fcftlS£±t&%£co;£r^\ «BAWR-SC 
F^B#i^L^V BrSl-^fltf* ^-it-fix 

CO^mMB AWR - S C F^ScOJJiJ' "fgft" <t"l>J§» 

arc, ^iStatxm~«Pife«ffiMi^ofi!i 

MB AWR- SC FHKt,»JST§ £ t l^ItCSS 

[0094] — onmmizitin , ^ix^- 

T'^IIBAWR - S C FjgBSrfgjjfc-T S £ t J&^ttl 

s*xfc#n#§*a«aj«N o . os/86i, 216c 
mmxm.b ix$E&i>zj&mmzffi&ztix^z>. 

[00 9 5] ^HJHCi&^SBAWR-SCF^B 
l£Bjftc^LTfl£)£$ix*:#fiSSlB AWR - S CFgl 

h* I^I11S&, -ffth-h. ^ffiMBAWR-SCFIUIS 
(XJi^B) lfi. BAW*f^(BAWl) (BA 
W2) filSf B 7-(;l/^4t, 3>-r>HfC0 1 

i: c 3 4 1 LTWR{fc;3*vCn.& -f yt°-y>xK$m 

aBAWR-SCF^ai(iE3^-b^aT-*>0, 
- h (XfiV- H ) (Pl)fc(P2) h- ( o 

1) fc (02 ) t*o;i:A«aiUn m*.tttf—h 

(PI) t (P2)(i50 Ohm*-bt*0> 
tf'-tf-h (Ol ) b (02) i>£tz50 Ohm#—h 
X'ht. X-V ( P 2 ) t ( O 2 ) t f2$?iS£iifiSffi4> 



[00 96] ^ffiMBAWR-SCF^SliOit^S^SS 

(Pi) b ( p 2 ) cowsBtifcttU A yv-fyxK 
fayfytc34i^-> (01) t (02 ) com*% 

•CSBttU, R#?L 01 «BAW£«» (BAW1 ) fcjfe 
U WW^LojIIBAW^SHS (BAW2) fc 

MmtzmtLx^t. mz. a ye—y>xmk?>? 

y*rc 0 1 com— coa§3fcc 0 1 - t±, *r- h < p 2 ) fc 

3g*coi" tidc-h (pi ) tmsi,x^h. -rye 

-r>-XRIsr}>-f>'-9-C3 4tfO^— <0ijs5fcC34' fi 
-•K-h (0 2) U ^f^t°-^>-XK(!E3>'T r ^ 

•tf-C 3 4«^Z(0S*C 3 4" Jitf— KOI) 
LX^h. £tz, BAW« ( BAW1 ) (?>WM2 1 
a{i^-h (PI) fc»£U BAW^ffi^l (BAW 
1 ) C09M2 1 b{iSCF4i0fl:fii4 atfe-^-LTVi 
SCF4(0ttfii4 btiBAW^tgfg (BAW2 ) 
St2 1a' U SCF4£0®fii2 0(±y~H 

(Gl) (ioy-H{itBtfcUiftffl«»«»L-CV^6i 

tswaiLv^) tssRLT^*. sec BAw^igti 

(BAW2 ) COWM2 1 b' (±.-K-b (Ol ) b^L 

[0097] HI 6a(i^^ N ^iX-?n. BAW^iilg 
( BAW1 ) b ( BAW2 ) <F>EMM2 1 C b 2 1 C 
!:SCF4(7)Eli4Ci4D^t„ (SS±, ^ffii: 
Em®l^(-tfOSCF^a4. ( B AW 1 ) t>J:Xf (BA 
W2) CO^mit. 01 6atJi0^$fL-CV^V^. 
[00 98] ^SMBAWR-SCFIsI8§l«iH«i^a 
X'h 1 , 0 1 6 b {CECUMS t HHH Lfc*+3Rf^HB 
®»Sr*L.Ti»^6. El 6 b&iiT&jSOOJ: o C * 
ao^t: i titf s C F 4 <#Mf MflHHTOSac 0 ( sc F , (i . 

0 1 b C 3 4 t R«>f >-b°-^>-X^:KS^ t L 
C«#g-r-l» . ^BBCO^-^SB AWR - S C FSB 1 (3 

Lt$&ffiffi<r>y <rv?5 9 (iai3) com? c 1 2 1 
c 2 3 co J; 3 y b°-r yxstSf t Lxztikco 

mmMm.t>m^hixhcr>x\ m.w.ummmzz<?>7 < 

>V9 5 9 X 9«$rt-<2=$:< 3 h b tah . 

[009 9] ^ffiSBAWR-SCF^aiJi, 013 
<f 5 93&^^m-r^X--K>'X^t14tJt / <T5X# 

gy^tf, 4 o 

OMHz-1. 2GHzt 9 2 5MHz~9 70MHz 
COif}^<0|EHtC^oT. -etL-f^ffiSBAWR- 
SCF0SS 1 £O*SW^^l^^.^>-X^^-r0 1 8 
afcl8b to^t^^i^S . .I^ASW^^C 
l/X,ifyxC'0^tli < 1 ) iiil:i/«l3l?2 5MHz 
cmWkb, m9Al. 5 M H z c04"t^SSt (iil4> 
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2 ) S C F 4 #gX 1 <VMm&i&<7i*<bfflmkTm~ « 

£WU 4) nyf^fCO 1 k C 3 4 tf-eix-filfl 5 
(BAWl ) b (BAW2 ) atXSCF4* J «5tC^ 



1) b (BAW2) COW&b^ SCF4(^)W&btim5 

iz^-txoKMmzii-t&b^o 6j&&mmb Lxh 

[0 100] 

im4) 





(BAWl) , (BAW2) 


SCF 4 


ffifflfi Si0 2 


62 ntn 




-bSBTtffi Au 




194 nn 


_hS&EmJ# ZnO 




1604 nm 


mm^m Ad 


404 nm 


404 sn 


TB&J£«*i ZnO 


1604 nm 


1604 nm 


TB&flM Au 


192 nio 


192 nn 


mm\o 2 


174 nm 


174 nn 




274 um * 274 um 


260 um * 230 uu 


CO I, C34 


5. 03pF 




L 0l <hL o2 


7.15 nH 





[01 01] II 3(7)7 4 )V9 5 9 ( Z\<7)7 4 )V? liZ\t 
^ffilBAWR- SC 1 i tiiS-^T SC F 4 ti^ 

b awr- s c Fgm i coffiWLms^x>xw&<ry®M 

JSte. I18atl8b £@ 14atl4b (74 )V9 

5 9 <r)%=Ftf±t,z®fflLtcm 3 frCcomMzfe-yXmiSL 

zti& b < >v? 5 9cr>mmwcbm^m^ 

xxyxbz^-t) bim-tz>zbi,z£-?xmm-?&z 

mm i b 5 9 btf±fr&^mi&&t&cr>BmimwLx^ 

h **, 1 C0«t» t S C F 4 #|*lSE $ flX tltt) lz . 

ftss* wsjuo-jjifi* mmnmmnx-mm 5 9 *^-rs 

fg&Ol^/W£^3:< tt27dBti)l,. 

S 1 j^liflW* i> K§ia 1 1 3 

£07 5 9 £ OiWrv*olW?L 01 1 L 0I #£-i 

[0102] M'C^j) -s. 77 u ^-^3 xTmrnzte-) 

X, X-b (PI) i: ( P 2 ) SW: ( O 1 ) b ( o 

2) tfO^COo^V^-ftL^^Sr^ffiSBAWR-SC 
F^g 1 COA^J'-K- h^t < l&liijltf- h b LTfflUS 

.1 b h b ^ 0 /fittest* X'bZ. b^dco 
ii. tf—h (PI) b ( P 2 ) *>4>;K- h ( O 1 ) b 
(02 ) ^£7Xfrfa$>-?>Uitf > -h (Oi ) i (02 ) a> 

h (PI) b ( P 2 ) <0#|6jOVv$*ft<92f|Sj-'vi> 
filBAWR-SCFif 1 rt-Cx^/^-^Sfetf 
O^fca^Sa^-t**. ?iiBAWR-SCFg 



[0 10 3] =|s:^tCj:?.^ffiMBAWR-SCF^a 

t . w i commmizmm Lxm^ix^^mnB 

AWR-SCFMI (^^(i[IlS§) 3<DJSB&I2# S I1^£ 
tlX^Z, §£S3{±. BAW&JR8 (BAWl ) b.m 
mW&&7 4)V?bb8b. «F3H fclttn yfytC 1 2 

fc c 2 3 b ZlstsZbtfMt. U w ye-^yxRfif 

WR-SCFgS3t,EH^-hOgat"S>0, #-h 
(X«y- H ) ( P 1 ) b ( P 2 ) RlftK- b ( O 1 ) 

b (02) *-^trifc*«a4U^ 0>J^{f^-b (P 
1) t (P2XJ50 Ohm*-htS»0,CfiUlf'f 

-b (O 1 ) i: (02 ) i>£fz5 0 Ohm1f-bt* 

(P2) b (02) t JiJffMKttttffliWftlft 
LX^&ZbWm£L\>\ 

[0 104] ^®MBAWR-SCFgg3<?5ftl?ilSfe 
ffTCtt, SCF6t. BAW^^IS ( B AW 1 ) b. S 
CF8i:{iIl:?lJ^C^LTV^I>. ^a3T1±. SCF 6 
(?>mM 6 a (i/tf- h (PI) i:iS£-£U SCFecO+A 
1Efli2 0»i:y-K (G 1 ) fc*g-£U SCF6<5Dm®6 
b«iy-H (II) fcfitel/tlr>*. SCF 8^0 

E8b{i*r-h (0 1) fctt^-L, SCF8^*f 
20«y-K (G4) tig^t, SCF8cO«fli8a 
(12) bffl&LX^h. ayy-'y^c 1 2cO 
3S§*C 1 2' {iy-H (ID k^L, nvfV-fC 
1 2£7)ffi*C 1 2" liy-F (G2) i:*§^-LTMS. 
3>f>'tC2 3(7)ffi*C2 3' {iy-H (12) 
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£>U r7V^>-^C2 3cOlg*C2 3" (G 
3) h^U^S, BAW*382S (BAW1 ) Ity- 
F ( I 1 ) i:^LTV^m®2 1 a2r»^ £rtry- 
H ( I 2) fcfe^LTt^mSi2 lb^o, 

BAWJfcJIS (BAW1 ) ttSCF6t8i:^HT' 

^LT^I> C i#fL 0 (iBAW*K(BAWl) 

t&mzmwttx^h. y-K(Gi)-(G4)ii» 

^Sl^idtC. ^ffifflBAWR-SCFI3»3J±:= 

[0 1 05] 01 7 ate^fc. SCF6C0JESJI6 c £ 
6d, SCF8c0ffim/l8c h 8 dM/B AWftfi£g 

(BAW1 ) comWM2 1 ci:^t 0 ffifch. mHi: 
ffiWl^h^S6. 8Xtf (BAW1 ) <7)ftfico«(i. 

[0106] ^miZltltf . S C F 4 ^^flM^Jfffl: 
Cocscnti. ffC 1 2hC23Ri, ^iSBA 
WR-SCF0SS3c7)m*S^^lIlIK^^Hl 7 b 



m 



[0107]®19ahl 9bfi. **V?*u 4 0 0M 
Hz— 1. 2GHzi: 925MHz — 970MHzOjg 
a^KHtC^feoT. ^ffiSBAWR-SCF[gS§3cO 

i ) ®mz3tmm2 sMHzco^mmt. ^947. 

«*4^aji-J:dtCfll«$#t. 2) SCF6t8#gl 

0 BHMtSfu 3 ) ^L 0 ^6^tJ:3^ 
>f V^*XX<Bt*U 4) rjy^'^HfC 12fcC2 
3*«#«*6fe:SrrJ:o«r#WS*flltWL. 5) BA 

w=t*fi»(BAWi) tm*coscF6k8tfme>iz^ 

-tttmtmztt-r&mz'kfr. 6) baw«<b 

AW 1 ) RXfSC F6k S<n9fik&$t6lZ7frt£ ? Srffl 
CO 1 08] 

[as] 

6 



[0 109] ^ffiSBAWR-SCFi£B3(±. 7 4/1- 
* 5 6 ^*W±^L^4*^c0ffi $g^oT«fSi 

/l'^ BAWR-SCFgi3 ililoTBA 

w«is (bawi ) fcteifusr^) ^^aj-ru^jjf 

<r*U2s *fl^BAWR-SCFSa3C0«8S3ftkiiia 
f^l/X^yxJ^fiai 9atl9b^7^;l/^56 

^jaa»kii3a»«^^^y^srsrrH 1 5 1> 1 1 5 c 

kOM-t&Zktz£r>xim-9-6Zkifi-CZ& 9 Z.ti^ 

ftTmim®<7)Bmmi&iLx^&. l*»u ^ib 

AWR-SCFSI3^*«, imsCF6k8(7)m* 
£Mcr>m%m. (Uff500MHz) TSS5 6J:9.ft#f 





BAWI 


SCF6, 8 


mmm sio 2 




346 nm 






296 nm 


±SB£ES/f ZnO 




2215 na 


An 


192 nm 


192 nm 


Tfflte«JR ZnO 


2081 nm 


2081 nm 


Au 


210 Dm 


210QJD 


ISffSi0 2 


191 im 


191 nm 




397 uu * 397 un 


287 urn * 287 un 


CI 2. C23 


7. 33 pK 




Lo 


3,74 nH 





t L p 2 cn>&M2M b 7 < )V9 5 6 CO s C F 5 7 ~ 5 9 <F> 

mmmmw&m. <c 0 ) \z.i.~>xn\%nz%ti*. - 

UTX • PXdfXXfi. I^^L 0 t SCF6i:8i:co 

I^ttBAW±tIK (BAWI ) (?>mw2m£.£ 

•^Tit, SNH t L0ttlSBr74 0MHz'C9i*tt*» 
fc. SCF6^8i:(±C:cOJifeSi-C^*tt5-So„ 
[0110] 7 4)V? 5 6cr>ffl'$.&UX#>Xt l ZitK~C 

!\s?5 6l,z£Z&i>? — ocof S . i fit 
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[0111] 8134*, ffljl^/UDU -vTlVtcECOZ. o 

•arf > jk— h (pi) t ( p 2 ) owajg&tx* 
-h (on t (o i ) <r)mmzmi$-t&zti?x°i% 

[0 1 1 2] ±(cKHBtfc#^BAWR-SCFigjf 

«K— h (PI) i: ( P 2 ) cDtt&tf ( O 1 ) k ( O 2 ) 
OttcO v ^-fix^^^rffl v ^ h Z k tfX'Z Zk^oZklz 

fcv>dco{i. tfr-h (PI) k (P 
2) J&^stf— h (Ol ) i: (02) ^c0^r[*]J>-i>V^i^ 
- h> (01) k (02) frt>#- h (PI) i: ( P 2 ) 

3 £fc**TS4*»6-C*4. ^ilBAWR-SCFi 

£ mm z k &X- £ h <r>x\ & * <r#a&K- n t mz$m 3 
immv. #*e>%&icPitttsase ( nzmtyLfz) 

[0 1 1 3] ±£!&BHL*:£fiSMBAWR-SCF0B8 
1 t 3 fit J V ~/ -y ?*RIIIf&i: LT^it LT <> i V> 
U Wlfflw*ix* r *i.o?i-^±teJ«*3;h.4BAW& 

v*. ±fc:ia^UfeJ:dt:. ^IMBawr-sc 

F ES& 1 i 3 M(2H 1 a~4 atcH^±£ffcBJ!L*:«l 

-Y TO S C F <F>ti?<n>\ vfft<o ^ ^ ^ <D£*-g-£iiT i> 
m*.lf* #*tf>BAWftjR»i:SCFfc:tt. HI 
a(7)BAW^tiEf|20c:ia5aOSCF2 0' Oj;^^ 

t»J:^. 09i.ffs #<r«BAWSi»tSCF 

« . a 3 a fc 7 a t-f-fL-fixS^OilS t MM Ut — ft 

m^.mmm (wsm^-zstsmw.) x°$>ixi>£\>\ 

[0 1 1 4 ] ffiS BAWR-SCFgi(7)B 

AwmmkscFte&gsy-mmzm^&zkiz* 

ot, ^1IBAWR-SC F^g^OB AWftHtst S 
C F|g^fc(tSffiW^>f TiOffiii (f^RkffitiWfltji 

[01 15] ^BBcO^fiBS B AWR - S C Fift^ 
#5 9-gaS-ffiffl-r-l»ie : 5rl.fiJ^t LT. 3SST'S&£ 



f ki> i fotti^%nWdi\'^X>*<r>WM*W$ 
$7-!,z£'>X{&-tZkii i X'Z&ZkX'fo&. Zcozk 
imTc?>m&3Jiif3ZI<z£<WMX'%J;o. Z<?>MX' 
t±. ±tcSiajt^^tiSBAWR-SCF^at(i. # 

/? «0 S C F COSMMit . ZtLZ'tLCDB AW&m&<?>ffl* 

coEEWBn&ZlzmL^&ZttL. -f-cojga. #sc 

F lZ%mM B A WR - S C F£S.CO$*>bmWiW(.Tm—iS 

mH^M^-tklR^tiX^h, ttc. BAW5HM 
Jirfi&mW B AWR - S C F^ScO SCF Ktiff* 5 7 
-MtfiSttl. #ff»5 5-«i» -C-ixmcO^fiiMB 
AWR-SCF^St7)>ti^aS3ST-H^<7)— *S (Wi. 
Hf, A/4 ) Wlg$5r#^4i:{SS$ixTV^. I<0i 
#SCFIi ^iiMBAWR-SCF^B<7)4''DJM 

ZiilzX^xznmWigrcxTOTx ■ ux#yx&3\ 

%mz-fZktffo&. SCF <7)***ffijg?SStT'#«# 
5 5-e<0^S(iA/8T*S. CI crtftmcD&tfF&lZii 

wwx'^&X 'jiz^ z^m^ciza^xii^ws. ?-co 

m.±.mkSCF(VT&9Mk<D4 y?-7x-X^L 
T SC F<5DTSIBE«/Bt:i> if-?T < 

>J7A • ux#>xtfffimzti&. ^5.7-ffimcDft 
h*x,z "ts*Ht" 9 -i Tcommz&ts i 0 iz^mm b a 

WR-SCF^a&^jS-TS^. SCFC01*«« 

it^tzMz^m-7'y^yy^n^umx'^ &k^o 

Zklzgm-t^ZX'foh. tokt). 'J?tc<kl>^< i> 

frcomMi ^wm bawr-scf mm<r> B AW^S 

[0116] i d — 0C0ty\k IX . S CF«#ffti 

BAW4*j§ggWffl*^JE1M^:ftm^i¥$^2# 
<01(ci9ELv^$*Kroii:3WR3e$*i-CV^. 4Ac, 
ZCO&M. SCF*>*^ffiSBAWR-SCFH]8S<^4"D 

-^■ s ^tlKBAWR-SCFmi&OSCFi: BAWftlS 
£fcj&**>4. fzfzL^ ^iSMBAWR-SCFUlSI^^ 

i&zk&b*)ft&\ mm* sc Ft b Awitfgn 
ihzktf3b&« scf <om~-mmm^mmim.x' s c 

F«0fW5 5-«iA/2fc*U>JP;S*J*^ 

c7)-f >?-y x.—x( l z£^x^Wx.*ji-5c-fiK Wfcfr 

t>&jjfot,zmmm(r)ij'^&Mtzti&zkit%<. *<oft 
•§». 

[0117] *^<?3t> 5— 3<7)JlB£^A>ii>!i£BB-f 
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h . ±(C|&BJ! t Jt«B 1 1 3 C0p««-? L„ , L 0 i , L 

I £3(04 yv—ryxftMay^y+rm^c oi, c 

34. CI 2. C2 3£(4, rvXhVyTyJy 

s^m^m^? y ? y ■*)■%: £<?>Xo%:. -4 y^—fyxw. 

is z&m-t h tz#><7)&m.cr>m. ? << t <?> 3 y •? y*rm. 

BSr^-ftTtJ:^. ^Bl k 3«iItfL 0 . L 01 . 
Lo2S.^>t. 0 -^'>-XSfe^CO 1 . C34, CI 
2. C23I, Z.tlt>cr>%tl?tl<7)mW.l k3<,Z-££ti 
ZBAWjim&t SCF^BiilRltaMi^mL-Ct 

^m^rn-^. zti?ticomwit3CDm«coimmffi 
rn^rt a y^~yyxmmm^^-yir- i Jms.±izm 

m-ZZttimiZL^. fl»J*.if, 02 0 ail MK>mf 
CO 1 tC3 4$r^T-r§*Kl 00 (Si, GaAs, 

z-ktsffimioo' <r>mm^^-t. mmi o 

1' <4i:(;:IPJ!L*:£SIMB AWR-SCFgll<?)l 
m<7)~ffl£i&:i-, m(z) CDtbVil 8 0 EHEUi 
i>cr>b LX%Ul 0 0^112 OatzH^SfiT^.1) (-?" 
&;b*>, SSI 0 OiOf^g|15r^e<)^T^>LJt^<7)i: 
L"C»K1 0{4H*£nT^I>) „ 

coi is] jficii, mmm^LntLoztfimaj 

^ c o 1 k c 3 4 J4#jS£t4*4>3it^ :? >-7->-9"&#t? 
■It^'SiU^ H2 0aSrl.-Ci5^J:a{c» «i£l 

0 0 ' <r>dpX\ Kl 00 afci oTf^iit^L 
oiti-^^ — -><r>%g%K''i y^-yyx^MMFf-Q 0 1 cr> 
Jg*C 0 1 " tS£-£U Sfjft^v F 1 0 0 dlzk^xm 

C34«*C34" LT^I>. MJOlat 

1 0 1 d t i^n^ng^^y KlOOatlOOd 
fcte-&£;fvCH*$*L-CtV&. Jg^, @2 0ct|IBigL 
TOTfcfflMIH-* J: 5 fc, H*cOS^ L 0 1, L 0 2 , 

coi. C34£id -msm&ftnmi- 1 m^-tz 

Jt«M0l4^ftftfflSSB» (SB1-SB4) 
noSc/k'N'-y H 1 0 0 a— 1 0 0 dcOTlzmi^tlX^ 

i> . -en-en^M y e— y yxRKffc ouc34 

OSg*C0 1' tC34' (4, I20a$-lti)^§j; 
3 tc*« 1 0 0(Dffljm< fcKg §nT^&l4/Wftf 
ffl'JV/ (SR) fcttel/Cfci*. ffejui o 1 

b, 101c, lOle, lOlf {48ti& 10 0' <r>m 

-en-rn, ±.t,zmwLfzmw.i<v#-h (P2) t <o 

2 ) i/t. Sb±U 0 1 at 1 0 1 d&^n-f 

n, ±(ciK^L^^a i (7)7tt- h ( p i ) t ( o i ) £ 

^l-f. £n6<0jfo£l 0 1 at 1 0 1 d{4, |§}£l 0 



0 ' &<5Mffi|alK1fjft £ SptJ & J: o tfSft 4>n& . it 
* 1 o 1 a~ 1 0 1 f «if®l:{±1iii 10 0' r 
(H2 0a(c(iia^^ti.'rv^ : 5rV , >) cOtK:-£-in&ir £: 

tmtv^, ffiiki oo' (^a^comMws^issc 

[01191020b (5, ±(C|MHBt^liMBAWR 
- S C F§§S 1 <0 5 — ?c7)fi§jicD-gB£5|-f Hit 1 0 
0" mm. I 0 0" KJ4, JfitO— ffi 100' « 

M100 fc«ROtro0»6j£4 J: 5 1 0 3 

(tott. ffiosatw-pi4*« i o 3 a 
m i o o te**n4ja#<^*&*ma**in**£fc 

. *^W«IJ^US^T{±. SSI 0 0 t 1 0 
3*»*-rft«fK4 % I5l«^0JC{i{ii:^i:|BI«^7)*iP?g 

flaR*^rr*<:46» ttit 1 o o" 1 1 o o - 
[0120] mmi oo- a±s.*:BAvr#mn (ba 

Wl ) k ( BAW2 ) . SCF4 , K (CP 1 

-CP4)MSCF4 <0{^«fWtffl t> y/i 0 2 i> 
^■$n-g>. SCF4c7)«ffi4a{i, K (CP 

2) t3j:-?TBAW*ffiS (BAW1 ) <7>mffi2 1 b k 
^L, SCF4tfO*ffi4b{4, g^AyK (CP 3) 
SriltTBAW^SS (BAW2 ) i7)«fii2 1 a' 

-^•r s . s c f 4 com® 2 o i±{4 xyittWB yy/io 
2tif#£-t&„ -en-e-ncoBAw^i#i (bawi ) t 

( BAW2 ) <7)mM2 1 at 2 1 b ' te*tl-?tl<7>&A 
«7F (CP1 ) t (CP4) bm&i-i. 02OatfO 

tt it i o o ' ^o(4^7t'#^tffl 'j ( sr) tov^-c 

(4, 120b £ Jt.;brt>-I> <t 3 tc, UyUfftitffi f y? 1 

o 2*>*as i o 3<nwm<mmzwg%ith . 

h (cpi-cp4) {4, -en-e-n, ±fcK^ufc«us 

10 0' «a^f+*tfflSSBS! ( S B 1 — S B 4 ) km 

* 3t 46 CO h CDX'fo h . 
[0121] #s&S2 0 c t , 

t. flfiei oo- k i oo" ^-^tts^-L, mmi o 

0' " (Cc7)gS{4±^IK B Jt^#fiiffiBAWR-SC 
^yTtmj^m^Xmmi OO' tlOO" 5:— 

»=te^-&it3Wa*Hr\ f»jt i o o - tioo- 
jiiratcti. «it i o o - <?D«4/C<*f+ ttJB u ( s 

R) # (^Jx{f{4^'WttcJ:oT) ffiJtl 0 0" £014 

^wtffl u i o 2 , ffiii i o o - co^4^ 
tfft ( s b i ~s b 4 ) #-?-n-T n, «jt 1 

0 0 " cofS^N'-y h* (CP1-CP4) km^-fh X 3 
=fir*ffi-C-«fc»^-* £ fc *»a4 Lu. Mfi 1 0 0 ' 
t 1 0 0" Srfe-^-r*££0*a{4. ^SWtCBAW*j| 
S (BAWl) k ( B AW 2 ) tM?iJ£!H»9it^L 01 fc 

ncos*c oi" kc3A- x'-i ye-yyxK&m? 
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CO 1 iC34j^?^BAW*i?| (BAW1 ) 
k ( BAW2 ) <^ixme9ii§*2 1 at 2 1 b' k*£ 

^■r is^*ifc«»i oo' tioo" 

com* <r>m=F^Kwmt. 01 6 aizm^commt mu 

SCF^gi0iicr)^"C*^-fttll2 0 a~2 0 c 

Htk $ HX \> ^4 k \ ^ fcltt'tiS: v % k l > d i k te®®-f 

CO 1 22] [12 OcSr^.T^-l.<J:dtC. f^S^fL 
01 k L 02 te*fjg£t2;2iai 0 0'" ^*Tifl3£ffim=M 

^L 01 tLozlZZtlZ'IXCOB AW#M& (BAW1 ) k 
(BAW2) CO±lTt,zniW.ZtL&» *Jt s St^CO Ik 
C3 4ii, -e^-e'iXOBAWitffi^ (BAWl) k (B 

AW2 ) <^±#£&4WiC^ft.miEB£:ft4. .rft 
f.co#®:J:ot, SHOO'" *>\ «^H±T'S 

B&k'CJfrVCJ: Oa^V h 
k#T'#4J:5t;:&4. *Sfi$rtf odktcSDi. 
T, a^^lOlb, 101c, lOle. lOlf 
AS^kSiffifcfi^-O^ISL Si^l 0 0k 1 03kft 
li/tfc'ttW-ffl 'J yy ( s R ) k l o 2 tc i. ->X , ft 

m&kwtt&zb nmm^mw. 1 o o - - <m.«<m> 

[0 12 3] -MtLX. mmi 16, 117, 118 
* s (WB0T) 0*$*VO 1 >402 1 a~2 1 c£«H 
■f 4 . ZtltzCOffim. 116, 117, 11 8ti, fiES 

<O*^#02 1 a~2 1 clCttB>i%3*rCliVv£VVP. 

±i>zmm LtiZtiZ'tintm loo' , ioo" kio 

o" - t^<^mMLx^&. mmi 1 6t±, *«u 
1 9, mmi 1 9<oy<-fTrttcsasnT^4»^i o 

5,JI108, 110, 1 1 1 k, 11 08k^LT 
^4liX,rt£f*WH3$e»l 0 9**t»3>'T>"tM 1 2 

o 5 kis-^-t, HX*ff*wii$8B» 10 7- urn io 

6' k«g-£LtV4. fltitl 1 em^mmmi 0 65: 
-£v*, JiX^ftftfflSSSat 1 0 7 MJI 1 0 6 k LT 
V"»4. m=f- 1 0 6, 1 07, 1 0 6', 107' It « 

m 1 1 6 cD7t**o(^*:Wtffi y v/mmzmfc? 4 . 

CO 1 24] 02 1 bcoflfjil 1 7li, g^Jll 1 3 

«f*> k, »£1 20, Jfl 14, 115, 116* 
•^■tfBAW^SgS (BAW4) k <k a £0^3*1 

ti^4. • 

C 0 1 2 5 ] 02 1 c coffim. 1 1 8(i— *i£ 
fltitl 1 6k 1 1 7£tk*\ flfjil 1 6com=Fl 
0 7' k 1 07{2fl£jtl 1 7CDJ11 1 3kS#££*t4,, 



02 1 c£MX&fr& J: otc, mitl 1 8«ff 1 1 
9, 120, 106' , 107' , 113, 106, 1 

o 7#£ttk Lxnnwm? 109, 116, 112, 

(BAW4) Sr-ttfflKfil 1 8tf)«isS£BX9Htf*:#>, 
^«t^ffl09, 116, 112, (BAW 

4) immime>i5mwwk<^m>c>&m2ti&. m 
n<7y%mx\ liAstfmmv ( sr> 1 1 0 2^ 

oT, flfitl 0 0k 1 0 3kW»LT, CifcWPiL 

fc) $isi oo" - con* comnwmf - (.muzmfis* 

y H (CP 1-CP4 ) , BAWftlgS (BAWl ) k 
(BAW2) . SCF4, MS^LO lkL0 23rk') 

*^hge^*i^^«k^M*^ffi»$*i4 . 

C 0 1 2 6 ] Wt>*#ra0H2 0 c 5:1.4 k , SIS 1 0 

o" - coffimz£r>x^<r>frcom&tfmmzti?>. — 
oof ijj&is , «jti o o' cogmm^Mmcofemzft 
m-h z. k tfx'% 4 j: o ic» ffatfaasfcttWfcflBt 1 

0 0 ' COMS 1 0 0t0tptc^4 <I btfX'% ZZkX'fo 
4. gilOO" ' cr>mm3Ah-£fa£i&mX'%&£5 
Citl 0 OfflcOKffl^A^^r^WWSrfflv^Clk t 
T'#4. ^fc, ^ScO*ffl««O*S!rSffl2:0oTilSl 

0 0' " mizmiLtzJiolZ. MlOOt 

1 o 3 [zft-t 4 {i^7 , ^#{tffl y^(SR). ( 1 o 
£o%m&nmmmt<7>&f&b*t>ms.i oo- - <o« 

mWS^£&S-r4J:dk:-t4. SHOO' " ^.TO 
<td^ffi-C-«^^5r«g-r40T*, 9M&8Mr<'y 

r—ssy? (mux. iowrcfaaeiH 1 ***^^ 

fc. li^ftftfflSSBaJ (SB1-SB4) k MXtftt 

iimvyf (sr> (±, iBifctt7'jyr- ^--/yi&m 

X'M$;mt< » ^^4 {iA^'#(tffl^ea5^J¥§ k IB] tai^r 

JP§ (30um-200um<7)J:o^) £*TL, SSI 

0 0' " t:^^ii4it^f§ (£^*SSti*Bl{;:(±t3X 

WgtS^o^^l 0 umco^<7)ff$5r*-r4;k^ 

*^*S^-5rtfd^k* 5 T'i, StC, BAW*1S (BA 
Wl) k ( BAW 2 ) CO±*fc^^L 01 kL 02 Srffi 

arc* 4 $ x-fo 4 i t swa* t u . 

CO 1 27] ^BHcoa^^ffiSBAWR-SCF^ 
t^^flillff 500MhzH5Ghz 
«t=*>fcoTlM^riB'C&4. jffS{Cl±^«ElBAWR 

-scFmwim^-vx'mft-t&zbfimt u^. ^ 

(±, Eti^ia! (StrFgU) ffl^LT (i^I?) 
flfic7)«<50±gp® k T&Wlztt LX ) IJffiiltJ, 4 . L 

*-t, ffeconj60iiT'{± , m^jximmzm^ixzcoB 

AWR - S C Fm.W.£ffi-f< ") KT'f^tt $Hi:4 CI k 
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[0128] JJEON-KoSM £«r-3**S 

BAWR-SCFEMKC|Rje$il*£fc*SHIW:t,*> 

WR-sCFHB*K»t4ii:tTS*ii:fc:ei:$fi 

AWftJB»ai)f/Xtt S C F £*tf ^SiSB AWR - S 
CF08&£g«-&c:i: fcTS*. L*»U (MitfBA 
witiBUfcSCF^v^ia^) J: 9*3 

B AWR - S C Fgl(±, iOffi^ 
H£5»^ffi«££FO^ffiS!B AWR - S C F^IS^lt^ 
T J: ^'h^t£^)VcnmKm^^rot ^oZb CSS 
SftfcV^ ifc, JdE<75«t=i2«£ftT^*BAW*« 
2§i: S C F<7)-tM XJi, H<ar«ffl«*%&£S0L;fcfc 
<OT$>K>. i?t, BAW*fi»iSCFKIi, (Mi 

[0129] *ftw&&izz<m$mHiMtzmLxm* 

[HI a] Kfcxr— ^vTfc-SrtrifcSftfcvt/l^W 

tt& ( baw) &m&comwm : km^-?z>. 
?--£>. 

[02] «&Jf£#tfftS6^BAW*llScOi7rB02: 
[03 a] BS$5-£-£tf, *MWfir— ftiSSBA 
[03 b] «a/l3 8atfl$i2 4i:2 6£#tf03a 

b a wjm^co-mwiMmz^-f . 

[04 a] fc'T2r*-f&^£-£frftSW&BAW;tt|g 
i&«D$r®0£0iJSr$-|> . 

[04 b] BAW^«aHk^ll«t«*^fWllSI»*Srt. 

[05 a] 8Si:XT-^*«y:7-£-£i?&SW&«JfM*£ 
S7^y^ ( S C F ) «oBrM0£0»-f h . 
[05 b] 05 acOSCFco— |fficO_LM0£flajSrri>« 
[06] «ttJl**tfj^W*SCF<0|BfffiH*OT*^- 

[07 a] 5-£#tf, AMW^-frlllSM S C 

[07 b] 07aODSCFC'3— gp<7)±®0£^\ 
[08 a] b'T2r*i-^a«Sr#t^AM^SCFco»r 
BS0£flKrrS. 

[08b] scf > (ry&^mFf-m&mk*^ \ 

[08 c ] scFnmmm%mmk\sAK>xi:^-?. 

[08 d] --^OBAW^jlfff*^, t£#&ftK;:*fS88 



0£jjr$\ 

[08e] 18d«B AWIiL37 -f/^^JISW^ 

[08 f] 0->7)BAW&iiH£**» ta!*mfi^ft|l 
LXffi&Z tUz&Mtt}* B A W{± 1 37 4 iVfcwmk 
0S-^"f. 

[08 g] 08 f iDBAWtSLr^^^ftSffrSr 
[08 h] 18 f «0B AW(i L37 -f /^^i+ff 
[08 i ] «£3|6SEfS(ClWIILTfll*S*tfc*SW* 
[08 j ] 08 i <7)J<7>Xcr>ttlfzl,ZLZ'j&y J ll<? 
[09] fi!*S«K^aiLT0o^BAWftJgS2-i- 

[010a] iygggx 1 , X 2 , X3t. 4 yf-^y 
XK!k0S&5 la-51dt, ^SQ«^ye-^yX 

[010b] tittetmizmM LXffif&Ztifz i, 

[0iia] mm^L 1-L3 t^mmm*-* >-b°- 

[0iib] 3 yfy^r c l ~c 3 Zltts mwtto&'i > 

[0iic] mwtotc2m$s3mvT-??yx*i—7'* 

[012] BAW*S^5 6, 57, 58i, -f yt- 
^yxRfiayf/tC 01, C12. C23. C34 

[013] |B3fc9flS3M*Wfc*WIIILfcfc ■p-o^ffiM 
7 <i)V9X*fo->X^ Ml 2t,zm^<7)7 4 il-? tMMLX 
8ifL 01> L 02 , L os^t-t-tfK^-f;^ 
O0f&0S:^f. 

[014a] 01 3<7)&^7 4 )V9<7>mLmsXXV 
[014b] 9 2 5MHzfc9 7 0MHzcr>fgcOfc!)3i 

H«oil^SSc(c:^-g.0 1 4 acojf MifcU-xtf' >-xco-gp 

[0i5a] m^mi'zmmLxm^titcm^^^m 

mKc&WMy OVfXfo-tX. SCFHI5 7, 5 8, 
5 9 b , iHHHK$ii^BI«7 L pl t L p2 fc *<&tM3> 
117 -f A-?<5D[I]gS0£^f;-f . 

[01 5b] 01 5a<50^SiM7 4/l^Ojiji&i&l^tf' 
[015c] 9 2 5MHzt9 7OMHztfi50«lI 
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[Hi 6 a] #ffenj§tf)— mMmizmmLxmtfiztitz& 
w&w?mmkjyHtimmsmik7 * M (bawr 
- s C F ) isa«oniK0£flj*-t6 . 

[01 6b] Ell 6 a^figSBAWR-SCFJiacO 

cai 7 a ] *&w<?)i> o — onmnmizmy&LxffifS, 
ztiK&mwB awr- s c Fms-^-t. 

[01 7b] 11 7 atfO^fl&SBAWR-SCF^gcD 

[01 8a] 01 6 atfO^ffifiBAWR-SCFEffgO 

[018b] 9 2 5 MHz t 9 7 OMH z«£0iH<?) 
JH»Rfc:*>rt:*ia 1 8 acoffli^PX^XcO— gPS:^ 

[01 9 a] 01 7 a<5D^ffiMBAWR-SCFIHSScr) 
J^f W^r JSSdR V x y x t . 

[019b] 925MHzt970MHzi;^«I 



[02 0 a] #^BJ§C^LT«j££;ft.^fl&MB AW 

R-SCF^SIOO" ' £jjct02 OcC0^$*rC 
vv&, *^BfltCp»!lLT1i«?il^^liMBAWR-S 

C F^IS 10 0" ' C0S5# 100' £0*-T S . 
[02 0 b ] *fB9Jfc:fli»UT*l*$iifc£ttSB AW 
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1. Title of Invention 

MONOLITHIC FILTERS UTILIZING THIN FILM BULK ACOUSTIC WAVE 
DEVICES AND MXNIMUM PASSIVE COMPONENTS FOR CONTROLLING 
THE SHAPE AND WIDTH OF A PASS BAND RESPONSE 

2. Claims 

1. A Multi-pole Bulk Acoustic Wave (BAW) filter, 
comprising : 

d first pair of ports , 

«± second pair of! ports ; 

a first load coupled between u first and a second one 
of said first pair of ports,- 

a second lead coupled between a first and a second one 
of said second pair of ports,- 

at least one BAW resonator coupled in series in said 
first lead; 

at least a first Stacked Crystal Filter (SCF) , caid 
first SCF having first and second terminals coupled in 
said first lead, said first SCF also having a third 
terminal couplad in said second lead; 

a plurality of impedance inverting elements, each 
individual one of said plurality of impedance 
inverting elements being coupled across said first and 
second leads,- and 

at least one inductive element, *aid at least one 
inductive element being coupled in parallel with said 
at least one BAW resonator, wherein said Multi-pole 
BAW filter yields a passband response having a center 
frequency f, 



*c * 



2. a Multi-pole BAW filter as set forth in claim l, 
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wherein said at least one BAW resonator includes a first 
BAW resonator and a second BAW resonator, said impedance 
inverting elements include a first impedance inverting 
element and a second impedance inverting element, and 3aid 
at least one inductive element includes a first inductive 
element and a second inductive element, wherein each of 
said first BAW resonator and said f irst impedance inverting 
element has a respective first terminal coupled to said 
Hirst port of said first pair of ports, said first BAW 
resonator also having a second terminal coupled to said 
first terminal of said first SC^, said second BAW resonator 
having a first terminal coupled to said second terminal of 
said first SCF, said second BAW reflonator also having a 
second terminal coupled to said second port of said flirsL 
pair of ports, said second impedance inverting element 
having a first terminal coupled to said second port of said 
first pair of ports, said first inductive element being 
connected in parallel with said first BAW resonator, and 
wherein said second inductive element is connected in 
parallel with said second BAW resonator. 

3. A Multi-pole BAW filter as set forth in claim 2, 
wherein said first inductive element has a first end 
coupled to said first port of said first pair of porta, 
said eirst inductive element also having a second end 
coupled in said first lead between said second terminal of 
said first BAW resonator and said first terminal of said 
first SCF, said second inductive element having a 
respective first end coupled in said Hirst lead between 
said second terminal of said first SCF and said first 
terminal of said second BAW resonator, said second 
inductive element also having a respective second end 
coupled to said second port of said first pair of ports, 
wherein said first impedance inverting element has a second 
terminal coupled to said first one of said second pair of 
ports, and wherein said second impedance inverting element 
has a second terminal coupled to said second one of said 
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second pair oi! ports . 



4. A Multi-pole BAW filter as set forth in claim 2, 
wherein said first SCF has equivalent parallel capacitances 
which function as further impedance inverting elements. 

5. A Multi-pole BAW filter as set forth in claim 1, 
wher«in said first terminal of said first SCF is coupled to 
said first port of said first pair of ports, said third 
terminal or! said first SCF is coupled to a first node in 
aaid second lead, said second terminal of said first SCF is 
coupled to a first terminal of said at least one BAW 
resonator, wherein said Multi-pole BAW filter further 
comprises a second SCF, said second SCF having a first 
terminal coupled to a second terminal of said at least one 
BAW resonator, said second SCF having a second terminal 
coupled to said becond port of said first pair of ports 
said second SCF also having a third terminal coupled to a 
second node in said second lead, wherein said at least one 
impedance inverting element includes a first impedance 
inverting element and a second impedance inverting element, 
saxd first impedance inverting element having a first 
terminal coupled in said first lead between said second 
terminal of said first SCF and said first terminal of said 
at least one BAW resonator, said second impedance inverting 
element having a first terminal coupled in said first lead 
between said second terminal of said at least one BAW 
resonator and said first terminal on said second SCF. 

6. A Multi pole BAW filter as set forth in claim 5, 
wherein said at least one inductive element has a first end 
coupled in said first lead between said second terminal of 
said first SCF and said first terminal of said at least one 
BAW resonator, said at least one inductive element also 
having a second end coupled in said first lead between said 
second terminal of said at least one BAU resonator and said 
first terminal of said second SCF, wherein said first 
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impedance inverting clement has a second terminal coupled 
to a third node in said second lead, said third node being 
interposed between said first and second nodes, and wherein 
said second impedance Inverting element has a second 
terminal coupled in said second lead between said third 
node and said second node, 

7. A Multi-pole BAW filter as set forth in claim 5, 
wherein each of said first and second SCFs have equivalent 
parallel capacitances which function as further impedance 
inverting elements . 

8. A Multi-pole BAW filter as set forth in claim 1, 
wherein said first SCF is tuned to yield a second harmonic 
resonance at a frequency which is approximately equal to 
said center frequency f c . 

9. A Multi-pole BAW filter as set forth in claim l f 
wherein each o£ said at least one BAW resonator and said 
first SCF includes an acoustic mirror structure. 

10. A Multi-pole BAW filter as set forth in claim \, 
wherein said first SCF has equivalent parallel capacitances 
which function as impedance inverting components. 

11. A Multi-pole BAW filter as set north in claim 1, 
wherein said at least one inductive element yields a 
resonance at the center frequency f c or! the Multi-pole BAW 
filter, and functions to cause the passband response to 
have an increased bandwidth relative to a passband 
bandwidth of a filter that does not include the at least 
one inductive element. 

12. A Multi-pole BAW filter as set forth in claim 1, . 
wherein each of said plurality of impedance inverting 
elements includes a capacitor. 
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13. A Bulk Acoustic Wave (BAW) filter, comprising: 
a first substrate; 

a first conductive layer disposed on said first 
substrate ; 

■ 

a first contact pad disposed on said first 
substrate; 

a second contact pad. disposed on said first 
substrate; 

at least one baw resonator disposed on said 
Hirst substrate, oaid at least one BAW resonator 
being aerially coupled between said first and 
second contact pads; 

at least one Stacked Crystal Filter (SCF) 
disposed on said f irst substrate, said at least 
one SCF being serially coupled between said 
first and second contact pads, said at least one 
SCF having a first terminal coupled to said 
first conductive layer; 

a second substrate,- 

a second conductive layer disposed on said 
second substrate and being coupled to said first 
conductive layer; 

at least one inductor disposed on said second 
substrate, said at least one inductor being 
coupled in parallel with said at least one BAW 
resonator; and- 



at 



least one impedance inverting element 
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disposed on said second substrata, said at least 
one impedance inverting element having a first 
terminal serially coupled between said first and 
second contact pads, said at least one impedance 
inverting element also having a second terminal 
coupled to said second conductive layer. 

i-4. A BAW filter as set forth in claim 13, wherein 
said second substrate is disposed over said first 
substrate . 

IS. A BAW filter as set forth in claim 13. wherein 
said at least one BAW resonator includes a first BAW 
resonator and a second BAW resonator, said at least one 
impedance inverting element includes a first impedance 
inverting element and a second impedance inverting element, 
and said at least one inductor includes a first inductor 
and a second inductor, wherein each ot said first BAW 
resonator and said first impedance inverting element has a 
respective first terminal coupled to said first contact 
pad, said first BAW resonator also having a second terminal 
coupled to a second terminal of said at least one SCF, said 
second BAW resonator having a first terminal coupled to a 
third terminal of said at least one SCF, said second BAW 
resonator also having a second terminal coupled to said 
second contact pad, said second impedance inverting element 
having a first terminal coupled to said second contact pad, 
said first inductor being connected in parallel with said 
first BAW resonator, and wherein said second inductor is 
connected in parallel with said second BAW resonator. 

16. A BAW filter as set forth in claim 13. wherein 
said at least one impedance inverting element includes a 
capacitor . 

17. a BAW filter as set forth in claim 13, and 
ilurther comprising a plurality of electrically conductive 
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contacts coupled to said second conductive layer, said 
plurality of contacts for coupling said second conductive 
layer to ground, and wherein said first and second contact 
pads are for being coupled to external circuitry. 

18. a BAW filter as set forth in claim 13, wherein 
said first conductive layer at least partially surrounds 
said first contact pad, said second contact pad, said at 
least one BAW resonator, and said at least one SCF. 

19- A BAW filter as set forth in claim 13, wherein 
said second conductive layer at least partially surrounds 
said at least one inductor and said at least one impedance 
inverting element . 

20. A BAW filter as set forth in claim 13, wherein 
said first and second conductive layers and said first and 
second substrates prevent environmental contaminants from 
coming into contact with said at least one BAW resonator 
said at least one SCF, said first and second contact pads,' 
saxd at least one inductor, and said at least, one impedance 
inverting element. 

21. A BAW filter as set forth in claim 13, wherein 
said at l ea5 t one inductor is coupled to said at least one 
BAW resonator through solder bumps. 

22. A BAW filter as set forth in claim 13, wherein at 
least one of said first and second substrates comprises one 
of Si, GaAs, glass, or a ceramic material. 

23. A BAW filter as set forth in claim 15, wherein at 
least a portion of the first inductor is situated above 
said first BAW resonator, and at least a portion of the 
second inductor i s situated above aaid second BAW 
resonator. 
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24. A BAW filter as set forth in claim 23, wherein 
the first impedance inverting element is disposed in a 
plane that is abova a plnne in which said' first baw 
resonator is disposed, and the second impedance inverting 
element is disposed in a plane that is above a plane in 
which said second BAW resonator is disposed. 

25. A BAW filter as set forth in claim 13, wherein 
the at least one inductor includes a spiral coil. 

26. A Bulk Acoustic Wave (BAW) filter, comprising ■ 
a first substrate; 

a first conductive layer disposed on said first 
substrate, - 

a first contact pad disposed on said first 
substrate,- 

a second contact pad disposed on said first 
substratH; 

at least one BAW resonator disposed on said 
first substrate, said at least one BAW resonator 
being serially coupled between said firRt and 
second contact pads; and 

at least one Stacked Crystal Filter (SCF) 
disposed on said first substrate, said at least 
one SCF being serially coupled between aaid 
first and second contact pads, said at least one 
SCF also having a first terminal coupled to said 
first conductive layer. 

27. A 3ulk Acoustic Wave (BAW) filter as set forth in 
claim 26 , and further comprising: 
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a second substrate ; 

a second conductive layer disposed on said 
second substrate and being coupled to said first 
conductive layer; 

at least one inductor disposed on said second 
substrate, said at least one inductor being 
coupled in parallel with said at least one BAW 
resonator,- and 



at least one impedance inverting element 
disposed on said second substrate, said at least 
one impedance inverting element having a first 
terminal serially coupled between said first and 
second contact pads, said at least one impedance 
inverting element also having a second terminal 
coupled to said second conductive layer. 

4 

28. A aulk Acoustic Wave (SAW) filter, comprising: 
a first substrate,- 

a first conductive layer disposed on said first 
substrate; 

a plurality yf inductors disposed on said first 
substrate, each of said inductors having 
respective first and second terminal ends; and 

a plurality of impedance inverting elements 
disposed on said first substrate, each of said 
xmpedance inverting elements having respective 
first and second terminals, wherein the first 
terminal of each respective one of the impedance 
inverting elements is coupled to the first 
terminal end of a respective one of the 
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inductors, and wherein the second terminal of 
each impedance Inverting element is coupled to 
the first conductive layer. 

29. A Bulk Acoustic Wave (BAW) filter as set forth in 
claim 28, and further comprising: 

a first plurality of electrical contacts, individual 
ones of said first plurality of electrical contacts 
being coupled to the second terminal end of respective 
ones of the inductors; 

a second plurality of electrical contacts, individual 
ones of said second plurality of electrical contacts 
being coupled to the first terminal end of a 
respective one of the inductors and to the first 
terminal of a respective one of the impedance 
inverting elements; and 

a third plurality of electrical contacts, individual 
on«s of said third plurality of electrical contacts 
being coupled to said first conduct iva layer. 

30. A Bulk Acoustic Wave (BAW) filter as set forth in 
claim 28, and furthar comprising: 

a second substrate; 

a second conductive layer disposed on said 
second substrate; 

a plurality of contact pads disposed on said 
second substrate; 



a plurality of BAW resonators disposed on said 
second substrate, each of said baw resonators 
being serially coupled between said contact 
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pads, each of said BAW resonators also being 
coupled to tha second terminal end of a 
respective one of said inductors; and 

at least one Stacked Crystal Filter (SCF) 
disposed on said second substrate, said at lease 
one SCF being serially coupled between said 
contact pads, said at least one SCF also having 
a first terminal coupled to said second 
conductive layer, wherein individual ones of the 
contact pads are coupled to the first terminal 
of a respective one of the impedance inverting 
elements and to the first terminal end off a 
respective one of the inductors. 

31. A Bulk Acoustic Wave (DAW) filter as set forth in 
claim 30, and furthar comprising: 

a first plurality of electrical contacts, each of said 
first plurality of electrical contacts being coupled 
between the second terminal end a respective one of 
the inductors and a respective one of sa id BAW 
resonators,- 

a second plurality of electrical contacts, each of 
said second plurality of electrical contacts coupling 
the first terminal end of a respective one of the 
inductors and the first terminal of a respective one 
of the impedance inverting elements, to a respective 
one of the contact pads,- and 

a third plurality of electrical contacts, individual 
ones of said third plurality of electrical contacts 
being coupled to said first conductive layer for being 
coupled to ground. 

32. A Bulk Acoustic Wave (BAW) filter <x S set forth in 
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claim 31, wherein the first plurality of electrical 
contacts have greater thicknesses than thicknesses of the 
BAW resonators . 

33. A Bulk Acoustic Wave (BAW) filter as set forth in 
claim 31, wherein individual ones of the inductors are 
situated above the respective ones of the BAW resonators to 
which the inductors are coupled. 

34. A Multi-pole Bulk Acoustic Wave (BAW) filter, 
comp rising : 

a first pair of ports; 

a second pair of ports; 

at least one BAW resonator coupled between said first 
pair of ports; 

at least one Stacked Crystal Filter (SCF) coupled 
between said first pair or ports, said at least one 
•SCF having a terminal coupled between said second pair 
of ports, said at least one SCF also having at least 
one lumped element equivalent component; 

at least one impedance inversion means, each of said 
at least one impedance inversion means having a first 
end coupled between said Hirst pair of ports and a 
second end coupled between said second pair of ports; 
and 

at least one tuning element, said at least one tuning 
element being coupled in parallel with said at least 
one BAW resonator, said at least one tuning element 
yielding a resonance at approximately a center 
frequency f e of the Multi-pole SAW filter for causing 
a passband of the Multi-pole BAW filter to have an 
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increased bandwidth relative to a passband bandwidth 
of another filter that doss not include the at least 
one tuning element; 

« 

wherein said at least one lumped element equivalent 
component and said at least one impedance inversion 
means function to transform a terminating impedance of 
said Multi-pole (SAW) filter from a first impedance to 
a second impedance. 

35. A Multi-pole HAW filter as set forth in claim 34. 
wherein the Multi-pole BAW filter includes a reduced number 
of impedance inversion means and tuning elements relative 
to the number of such components included in the another 
filter. 
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3. Detailed Description of Invention 

FIELD OF THE INVENTION 

This invention relates to filters and, in particular, this 
invention relates to filters that include Bulk Acoustic 
Wave {BAW) resonators, Stacked Crystal Filter (SCF) 
devices, and passive components for controlling filtec 
passband characteristics. 

BACKGROUND OF THE INVENTION 

It is known to fabricate monolithic filters that include 
Bulk Acoustic Wave (BAW) resonator devices (also known in 
Lhe art as *Thin Film Bulk Acoustic Wave Resonators 
( FBARs ) " ) . Presently, there are primarily two known types 
of Bulk Acoustic Wave devices, namely, BAW resonators and 
Stacked Cryscal Filters (SCFs) . One difference between BAW 
resonators and SCFs is the number of layers that are 
included in the structures of the respective devices. By 
example, BAW resonators typically include two electrodes 
and a single piezoelectric layer that is disposed between 
the two electrodes . One or more membrane layers may also be 
employed between the piezoelectric layer and a substrate of 
the respective devices. SCF devices, in contrast, typically 
include two piezoelectric layers and three electrodes. In 
the SCF devices, a first one of the two piezoelectric 
layers is disposed between a fir3t, lower one of the three 
electrodes and a second, middle one of the three 
electrodes, and a second one of the piezoelectric layers is 
disposed between the middle electrode and a third, upper 
one of the three electrodes. The middle electrode is 
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generally used as a grounding electrode. 

BAW resonators yield parallel and series resonances at 
frequencies that differ by an amount that is a function of 
a piezoelectric coefficient of piezoelectric materials used 
to construct the devices (in addition to other factors, 
including the types of layers and other materials employed 
within the devices) . By example, for a Baw resonator 
wherein there is a large ratio between a thickness of a 
membrane layer of the resonator to a thickness of a 
piezoelectric layer of the resonator, the (frequency 
differential between the parallel and series resonances of 
the resonator is small. For BAW resonators that include 
electrodes and a piezoelectric layer, but which do not 
include membrane layers, the frequency differential between 
the series and parallel resonances of the devices is large. 
Also, the frequency differential between the series and 
parallel resonances of a BAW resonator is dependent on the 
operating frequency being employed. For example, if there 
is a frequency differential of 30MHz between parallel and 
series resonances of a resonator that is being operated at 
ICHz, then there would ba a 60MHz frequency differential 
between these resonances while the resonator is being 
operated at 2GHz (assuming the relative thicknesses of the 
resonator layers are the same in each case) . 

BAW resonators are often employed in bandpass filters 
having various topologies. By example, filters that include 
BAW resonators are often constructed to have ladder 
topologies. For the purposes of this description, ladder 
filters that are constructed primarily of BAW resonators 
are also referred to as »baw ladder filters". The design of 
ladder filters is described in a publication entitled "Thin 
Film Bulk Acoustic Wave Filters for GPS", by K.M. Lakin et 
al. aakin), IEEE Ultrasonic Symposium, 1992, pp. 471-476. 
As is described in this publication, BAW ladder filters are 
typically constructed so that one or more baw resonators 
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are series-connected within the filters and one or more BAW 
resonators are shunt -connected within the filters. An 
exemplary BAW ladder filter 41 that includes two BAW 
resonators 42 and 43 is shown in Fig. 8d. Another exemplary 
(single) DAW ladder filter 44 that includes two series - 
connected BAW resonators 43 and 45 and two shunt -connected 
BAW resonators 42 and 46 is shown in Fig, 8f!. An equivalent 
circuit of the BAW ladder filter 44 is shown in Fig. 8h. 
Still another exemplary BAW ladder filter 47 is shown in 
Fig. 8i. This filter 47 has a "balanced" topology, and is 
similar to the filter 44 of Fig. 8C, but also includes a 
BAW resonator 48 and a BAW resonator 49. An equivalent 
circuit of this filter 47 is shown in Fig. 8 j . 

BAW ladder filters are typically designed so that the 
series -connected resonators (also referred to as "series 
resonators") yield a series resonance at a frequency that 
is approximately equal to, or near, the desired (i.e.. 
"design") center frequency of the respective filters, 
Similarly, the BAW ladder filters are designed so that the 
shunt connected resonators (also referred to as "shunt 
resonators" or "parallel resonators") yield a parallel 
resonance at a frequency that is approximately equal to, or 
near, the desired center frequency of the respective 
filters . 

BAW ladder filters yield passbands having bandwidths that 
are a function of, for example, the types oC materials used 
to form the piezoelectric layern of the BAW resonators, and 
the respective thicknesses of the layer stacks of the BAW 
resonators. Typically, the series- connected BAW resonators 
of BAW ladder filters are fabricated to have thinner layer 
stacks than the shunt - connected resonators of the filters. 
As a result, the series and parallel resonances yielded by 
the series connected BAW resonators occur at somewhat 
higher frequencies than the series and parallel resonant 
frequencies yielded by the shunt connected BAW resonators 
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(although the series resonance of each series -connected BAW 
resonator still occurs at a frequency that, is near the 
desired filter center frequency on thG frequency spectrum) . 
in a BAW ladder filter, the parallel resonances yielded by 
the series-connected BAW resonators cause the filter to 
exhibit a notch above the upper edge or skirt of the 
filter's passband, and the series resonances yielded by the 
shunt -connected BAW resonators cause the filter to exhibit 
a notch below the lower edge of the filter's passband. 
These notches have "depths" that are a function of acoustic 
and electric losses of the series -connected and shunt- 
connected BAW resonators (i.e., the notch depths arc a 
function of quality factors of the shunt and series BAW 
resonators) . 

The difference in the thicknesses of the layer stacks of 
the aeries- connected and shunt-connected BAW resonators can 
be achieved during the fabrication of the devices. By 
example, in a case in which the BAW resonators include ona 
or more membrane layers, an additional layer of suitable 
material and thickness may be added to the membrane layers 
of the shunt-connected devices during fabrication so that, 
after the devices are completely fabricated, the shunt^ 
connected devices will have thicker layer stacks than the 
series-connected resonators. As another example, the series 
resonators can be fabricated to have thinner piezoelectric 
layers than the shunt resonators, and/or the thicknesses of 
the upper electrodes of the series resonators can be 
reduced by a selected amount using a suitable technique, 
after the deposition of the upper electrode layers. These 
steps require the use of masking layers. Being that a 
parallel resonance yielded by a series- connected BAW 
resonator of a BAW ladder filter causes the filter to 
exhibit a notch above the upper edge or skirt of the 
filter's passband, and the series resonance yielded by a 
shunt-connected BAW resonator of the BAW ladder filter 
causes the filter to exhibit a notch below the lower edge 
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of the filter's pansband, it can be appreciated that the 
maximum achievable bandwidth of the filter is defined by 
the frequency differential between the parallel resonant 
frequency of the series-connected resonator and the series 
resonant frequency or the shunt-connected resonator. By 
example, consider a BAW ladder filter that includes a 
series -connected BAW resonator and a shunt-connected BAW 
resonator. The series-connected BAW reuonator is assumed to 
have a series resonant frequency of 947 MHz and a parallel 
resonant frequency of 960 MHz, and the shunt- connected BAW 
resonator is assumed to have a parallel resonant frequency 
of 947 MHz and a series resonant frequency of 914MHz . In 
this example, the bandwidth of the BAW ladder filter is 
defined by the difference between frequencies 980MHz and 
914MHz . 

The performance of BAW ladder filters may be further 
understood in view of the lumped element equivalent circuit 
or a BAW resonator shown in Fig. 4b. The equivalent circuit 
includes an equivalent inductance (Lm) , an equivalent 
capacitance (Cm) , and an equivalent resistance (R) , that 
are connected in series, and a parallel parasitic 
capacitance <CJ . The series resonance of the BAW resonator 
is caused by the equivalent inductance {Lm) and the 
equivalent capacitance (Cm) . At the series resonant 
frequency of the BAW resonator, the impedance of the BAW 
resonator is low (i.e., in an ideal case, where there are 
no losses in the device, the BAW resonator functions like 
a short circuit) . At frequencies that are lower than this 
series resonant frequency, the impedance of the BAW 
resonator is capacitive. At frequencies that are higher 
than the series resonant frequency of the BAW resonator, 
but which are lower than the parallel rasonant frequency of 
the device (the parallel resonance results from equivalent 
capacitance <C 0 > ) , the impedance of the BAW resonator is 
inductive. Also, at higher frequencies than the parallel 
resonant frequency of the BAW resonator, the impedance of 
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the device is again capacitive, and, at the parallel 
resonant frequency of the device, the impedance of the BAW 
resonator is high (i.e., in an ideal case the impedance is 
infinite and the device resembles an open circuit at the 
parallel resonant frequency) . 

For an exemplary case in which two BAW resonators (e.g., a 
shunt BAW resonator and a series BAW resonator) having 
equivalent circuits similar to the one shown in Fig. 4b are 
employed in a BAW ladder filter, a lowest resonant 
frequency of the filter is one at which the series 
resonance of the ahunt BAW resonator occurs. At this 
frequency, an input of the BAW ladder filter is ef rectively 
shorted to ground, end thus a frequency response ot the DAW 
ladder filter exhibits a deep notch below the passband of 
the filter. The next highest resonant frequencies of the 
BAW ladder filter are the series resonant frequency of the 
series BAW resonator and the parallel resonant frequency of 
the shunt BAW resonator. These resonant frequencies are 
within the passband frequencies of the BAW ladder filter, 
and are located at or near the desired center frequency of 
the BAW ladder filter on the frequency spectrum. At the 
parallel resonant frequency of the shunt BAW resonator, the 
shunt BAW resonator behaves like an open circuit, and at 
the series resonant frequency of the aeries BAW resonator, 
the series BAW resonator behaves like a short circuit (and 
thus provides a low-loss connection between input and 
output ports ot the BAW ladder filter) . As a result, for 
a case in which a signal having a frequency that is 
approximately equal to the center frequency of the BAW 
ladder filter is applied to the input of the *AW ladder 
filter, the signal experiences minimum insertion loss 
(i.e., it encounters low losses) as it traverses the filter 
circuit between the filter's input and output. 



A highest resonant frequency of the BAW ladder filter is 
one at which the series -connected BAW resonator yields a 
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parallel resonance. At thia frequency, the series BAW 
resonator behaves like an open circuit and the shunt BAW 
resonator behaves like a capacitor. As a result, the 
filter's input and output are effectively de-coupled from 
one another, and the frequency response of the filter 
includes a deep notch above the filter's passband. 

The frequency response of a BAW ladder filter that includes 
no tuning elements typically has deap notches and steeply- 
sloped upper and lower passband edges (i.e., skirts). 
Unfvrtunately, however, these typas of ladder filters tend 
to provide poor stopband attenuation (i.e., out-of-band 
rejection) characteristics. An example of a measured 
frequency response of a BAW ladder filter (such as filter 
44a of Fig. 8f ) that exhibits d«ep notches, steeply sloped 
pdssband edges, and poor stopband attenuation, and which 
includes four BAW resonators and no tuning elements, is 
shown in Fig . 9 . 

Another exemplary frequency responses is shown in Fig. 8e, 
for thQ BAW ladder filter 41 of Fig. 8d. The BAW ladder 
rilter 41 yields the frequency response of Fig. 8e assuming 
that 1) tho resonators 43 and 42 include the layers listed 
in respective Tables 1 and 2 below, 2) the layers of 
resonators 4 3 and 42 have thicknesses and include the 
materials listed in respective Tables 1 and 2, 3) the 
filter 41 is connected between 50 Ohm terminals, and 4) the 
filter 41 includes no tuning elements . 
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TABLK 1 



TABLE 2 



I 

SBKIES BAW RESONATOR 
(43, 45) 


SHUNT BAW 
(431, 


RESONATOR 
46) 




Layer 




Layer 








Upper electrode: 
Molybdenum (Mo) 


3 0ft ntn 

w v \j j mi 


. Upper- aloctrod* i 
Molybdenum (Mo) 


J 08 nm 


Piezoelectric 
layer: 

Zinc-oxide (ZnO> 


2147 nm 


Piezoelectric 
layer : 

Zinc-oxide <2nO) 


2147 nm 


Lower electrode; 
Molybdenum (Mo) 


3 08 nm 


Lower electrode; 
Molybdenum (Mo) 


308 nm j 


first membrane layer: 
eilicon-dioxide (SiO,) 


90 urn 


first membrane 
layer: (Sio,) 


90 nro 






second membrane 
layer: (SiO^) 


270 nm 


area of upper 
electrode 


225 um 

* 225urrt | 


area of upper ! 
electrode 


352 um J 
* 352uni 1 



As can be appreciated in view of Tables l and 2, the SAW 
resonator 4 2 includes two membrane layers, and the BAW 
resonator 43 includes only a single membrane layer. The 
employment oE two membrane layers in the resonator 42 
causes the resonant frequencies yielded by the resonator 42 
to be lower than those yielded by the series-connected 
resonator 43, as was described above. 



The level of stopband attenuation provided by a BAW ladder 
filter can be increased by including additional BAW 
resonators in the filter and/or by constructing the filter 
so that the ratio of the areas of the filter's parallel- 
connected SAW resonators to the areas of the filter's 
series-connected BAW resonators is increased. Fig. 8g shows 
an exemplary "simulated" frequency response of the filter 
44 (which includes a greater number of resonators than the 
filter 41), assuming that 1) the resonators 43 and 45 
include the layers having the thicknesses and materials 
listed in Table 1, 2) the resonators 42 and 46 include the 
layers having the thicknesses and materials listed in Table- 
2. and 3) the filter 44 includes no tuning elements. 
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As can be appreciated in view of Figs . 8e and 8g, the 
degree of attenuation provided by the filter 44 at out -of - 
band frequencies is improved somewhat over the attenuation 
level provided by the filter 41 that includes only two BAW 
resonators?. Unfortunately, however, the employment of 
additional baw resonators in a filter increases the 
filter's overall size and can cause an undesirable increase 
in the level of insertion loss of the filter. This is also 
true in cases in which the filter's parallel -connected BAW 
resonators are fabricated to have largor areas than the 
series-resonators. Moreover, even if such measures are 
taken in an attempt to improve the filter's passband 
response, the level of stopband attenuation provided by the 
filter may be insufficient for certain applications. 

A* shown in Pigs, 8e and Sg, the center frequencies of the 
pussbands of respective filters 41 and 44 are located at 
about 947.5 MHz on the frequency spectrum, and the minimum 
passband bandwidth yielded by each of the filters 41 and 44 
is approximately zs MUz . As can be appreciated by those 
having skill in the art, these frequency response 
characteristics are requirad of filters that are employed 
in GSM receivers. 

Another type of filter in which Baw resonators are o^ten 
employed is the multi-polo filter. Multi-pole filters 
typically comprise either dories-connected BAW resonators 
or parallel connected BAW resonators, although other 
suitable types of resonators may also be employed such as, 
for example, discrete component resonators or quartz 
crystal resonators. Multi-pole filters that include series- 
connected resonators typically include passive elements, in 
particular, impedance inverting elements, coupled between 
adjacent resonators. Conversely, multi-pole filters that 
include parallel -connected resonators often include 
admittance inverting elements coupled between adjacent 
resonators . 



(54) 



t 

JftUT 1 1-346140 



An impedance inverting element transforms a terminating 
impedance Z b of a circuit to an impedance Z a , where: 

K 2 

Za - — , and where K represents an inversion parameter for 

b 

the impedance inverting element. 

An admittance inverting element transforms a terminating 
conductance Y«, of a circuit to a conductance Y a( where: 

Y * where J re P r asents an inversion parameter for 

the admittance inverting element. 

in microwave circuits, various components may be employed 
as impedance inverting elements. By example, a simple 
impedance inverting element can be realized by employing a 
quarter wavelength of transmission line (at a center 
frequency of the transmission line) . For this device, the 
characteristic impedance of the transmission line is the 
inversion parameter of the device. 

In a publication entitled "Recent Advances in Monolithic 
Film Resonator Technology" , Ultrasonic Symposium, 1986, pp. 
365-369, by N.M. Oriscoll et al. (Driscoll) , a disclosure 
is made of a multiple filter that includes SAW resonators 
connected in a series configuration and a number of 
impedance inverting elements, in particular, inductors, 
that are each connected between ground and a respective 
node located between a respective pair of the BAW 
resonators . 



An example of a multi-pole filter 52 is shown in Fig. i0a. 
The filter 52 comprises resonators XI , X2, and X3 , and 
impedance inverting circuits 51a-51d. The resonators XI, 
X2, and X3 have respective impedances represented by X^{g>) \ 
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X 2 {0) , and X 3 (w), where Xj(cj) = wLj-VwCj, represents an 
equivalent inductance of the respective resonator, c 3 
represents an equivalent, capacitance of the respective 
resonator, and where Lj represents an equivalent inductance 
of the respective resonator, Cj represents an equivalent 
capacitance of the respective resonator, and oj=27rf. The 
filter 52 also has terminating impedances represented by R a 
and R b . 

The impedance inversion parameter of the impedance 
inverting circuit 51a is equal to K 01 , where K„ is 
represented by equation (1) : 



K 01 - 



Ra(Rsp).w , v 

rr rr (l) 



The impedance inversion parameters of the impedance 
inverting circuits 5lb and 51c are each equal to Kj 
where K j(j ^ is represented by equation (2) : 



(RSp) j{R3v) ^ a nr 



Similarly, the impedance inversion parameter of the 
impedance inverting circuit 51d is equal to K^^, where 
K ntM is represented by equation (3): 



Rb(Rsp) fltJ v 



(3) 



In each of the above equations (1-3) , the variable (Rsp) 
defines a reactance slope parameter of an individual 
resonator XI, X2, and X3 . By example, a reactance slope 
parameter (Rsp).j of a resonator may be represented by 
equation (4) : 
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<o„ dXj. (g>) . 

(RSP) - = — ^ 9 „ (<S) 

t;a the foregoing equations (1-4) r the term cj represents an 
angular frequency variable, the term w 0 represents a 
particular angular frequency, the term w represents a 
fractional bandwidth, the terms g ft , <j n ^ g 0 , g w g j( and g j+1 
represent normalized capacitance or inductance values of 
the impedance inverting circuits «>la-*:jld of the filter 52, 
R. and R b represent terminating impedances of the filter <J2 t 

and the term — — is a reactance slope of a resonator 

(i.e., a derivative of the impedance of the resonator at a 
center frequency of the resonator (w 0 s=2irf 0 ) ) relative r.o 
frequency u=2nt. 

• 

The impedance inverting circuits 5 la -51a may each include 
impedance inverting elements that are similar to those 
included in, for example, circuits 53 and 54 of Figs. 11a 
and lib, respectively. That is, each of the impedance 
inverting circuits 51a-51d may comprise inductors L1-L3, 
such as those shown in Fig. lia, or capacitors C1-C3, such 
as those shown in Fig. lib. Xn the circuit 53 of Fig. lia, 
each of the inductors L1-L3 preferably has a same 
(absolute;) inductance value, although the inductance values 
(represented by -L) of each series inductor LI and L2 are 
preferably negative, whereas the inductance value of shunt 
inductor L3 is preferably positive (represented by +L) . 
Alao, where more than a single one of the circuits 53 is 
employed in a filter, the inductance values of; the 
inductors L1-L3 of one of the circuits 53 may be different 
than those of the inductors L1-L3 of other ones of the 
circuits 53 included in the filter. Inductance values (L) 
for inductors L1-L3 may be calculated using the formula K 
= coL, where K represents an impedance inversion parametQr 
for the circuit 53. 
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In the circuit D4 of Fig. lib, each of the capacitors C1-C3 
preferably has a same (absolute) capacitance value, 
although the capacitance values (represented by -C) of each 
series capacitor CI and C2 are preferably negative, whereas 
the capacitance value of shunt capacitor C3 is preferably 
positive (represented by +C) . Also, where more than a 
single one of the circuits 54 is employed in a filter, the 
capacitance values of the capacitors C1-C3 of one of the 
circuits 54 may be different than those of the capacitors 
CL-C3 of other ones of the circuits !54 included in the 
filter. Capacitance values (C) for capacitors C1^C3 may be 
calculated using the formula Kl -= 1/uC, where Kl represents 
an impedance inversion parameter for the circuit 54. 

In cases where the circuit 53 is employed within the 
impedance inverting circuits Sla-51d of the multi-polft 
filter 52 of Fig. 10a, the circuit 52 operates as if the 
inductors LI and L2 (which have negative inductance values 
(-L)J are effectively "included" in the resonators X1-X3 . 
For cases in which the circuit 54 is employed within each 
of the impedance inverting circuits Sla-Sld of the filter 
52, the circuit 52 operates as if the capacitors Cl and C3 
(which have -negative capacitive values (-C)J are 
effectively "included" in the resonators X1-X3. The 
"effective inclusion" of inductors or capacitors in 
resonators of a multi-pole filter will be further described 
below, with respect to the discussion of a multi-pole 
filter 52' shown in Fig. 10b. 

Referring now to Fig. X0b f the multi pole filter 52' is 
shown. The filter 52' ia similar to the filter 52 of Fig. 
10a, except that the resonators XI and X2 (for convenience, 
resonator X3 is not shown in Fig. 10b) are shown to include 
inductors and capacitors. More particularly, resonator xi 
is shown to include inductor LI' and capacitor Cl' , and 
resonator X2 is shown to include inductor L2 * and capacitor 
C2' . 
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In casas where the circuit 53 is employed as impedance 
inverting circuits 51a 51d for the multi-pole filter 52' of 
Fig. 10b, the filter 52' operates as if: the inductors Ll 
and L2 of circuit 53 (which inductors have negative 
inductance values (-L)> are effectively "included" in 
resonators of the filter 52' . Mors particularly, and as an 
oxample, the employment of circuit 53 for impedance 
inverting circuits 5ia and 51b connected to resonator XI 
within filter 52' causes an equivalent inductance to be 
produced which is a combination of the inductance value of 
inductor Ll' of resonator XI and the inductance values of 
inductors Ll and L2 of the impedance inverting circuits 51b 
and 51a, respect ivoly . This equivalent inductance has a 
value L eqT , where L #Tr = h vi -L-L, where i Jli represents the 
inductance value of inductor Ll' , and -L represents the 
inductance value of the individual inductors Ll and L2 . 
This relationship can also be characterized by the equation 
k. qv = kia-w/K 01 -oj/K 12( where w represents frequency, K 01 
represents an impedance inversion parameter for the circuit 
51a, and K u represents an impedance inversion parameter tor 
the circuit 51b. 

In cases where the resonator* of a filter are fabricated so 
as to exhibit similar resonant frequencies, the inclusion 
of impedance inverting circuits, such as circuits Sla-jJid, 
within the filter can cause the resonators to exhibit 
somewhat different resonance frequencies. 

A curve (CVi) representing a reactance X(u) of a series 
resonator having one inductor and one capacitor (such as 
resonators XI X3) is shown in Fig. lie. Curve (CV2) 
represents the reactance of a similar resonator that is 
coupled to a shunt capacitor. The series resonance of the 
resonator for each case is represented by (srt) , and the 
parallel resonance of the resonator coupled to the shunt 
capacitor is represented by (PR) . As can be seen in view of 
Fig. lie, the reactance curves for the aeries resonator and 
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the series resonator that is coupled to a shunt capacitor 
resemble one other at approximately the frequencies of the 
series resonances of the resonators, in filters that are 
similar to filter 52', but which include BAW resonators for 
the resonators XI, X2, and X3 of Fig. lob, this can cause 
the filter to yield only a narrow pausband bandwidth. This 
is especially true if no external coil is employed in the 
filter for canceling the effects of the shunt capacitor 
near the center frequency of: the filter (which causes the 
parallel ' resonant frequency uf thG resonator to be 
increased) . 

In cases whex^e the circuit 54 is employed as impedance 
inverting circuits 51a-!Jld for the multi pole filter 52' of 
Fig. 10b, equivalent capacitances are provided in the 
Hilter 52' which result Hrom a combination of the 
capacitance values (-C) of capacitors CI and C3 of circuit 
34 <md capacitance values of variouG ones of the capacitors 
Ci', C2' , etc., of the filter 52'. By example, the 
employment of circuit 54 for impedance inverting circuits 
51a and 51b f which are connected to resonator XI within 
filter 52' , causes an equivalent capacitance to be provided 
which is a combination of the capacitance value of 
capacitor CI' of resonator XI and the capacitance values (~ 
C) of capacitors CI and C3 of the impedance inverting 
circuits 51b and 51a, respectively. This equivalent 
capacitance has a value C., v , where C^ v = C CJ -C-C, C C1 
represents the capacitance value of capacitor CI' , and -C 
represents the capacitance value ol the individual 
capacitors CI and C2 . This relationship can also be 
characterized by the equation C oqT = C c1 ~w/K 01 -cj/K 12 , where u 
represents frequency, K 01 represents an impedance inversion 
parameter for the circuit 51a, and K ia represents an 
impedance inversion parameter for the circuit 5lb. 

Filters such as that shown in Fig. 10b are preferably 
designed by firat selecting thicknesses and areas for 
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layers of the resonators of the filters. These thicknesses 
and areas are selected so that the resonators will resonate 
at desired frequencies. Thereafter, equivalent circuit 
element values (e.g., Lm, Cm and C 0 ) are calculated, as are 
values (e.g., K jf K j+1 ) for impedance inversion parameters 
of the nilter. Being that these impedance inversion 
parameter values af Rect the equivalent capacitance values 
and/or equivalent inductance values provided within the 
filter, the calculated values oR the equivalent circuit 
elements (e.g., Lm, Cm and CJ , as well as the 
thicknesses/areas of the resonator layers, may need to be 
modified somewhat in order to enable the resonators to 
resonate at desired frequencies. 

An example of a multi-pole filter 55 which includes series • 
connectod BAW resonators 56-58, and which also includes 
capacitors C01, C1.2, C23 r and C34, which function as 
impedance inverting elements, is shown in Fig. 12. The 
capacitors C01, C12, C23, and C34 are shunt -connected 
within the circuit 55. The capacitance values of these 
capacitors C01, C12, C23, and C34 may be selected using 
known filter synthesis methods for enabling the filter 55 
to produce a desired frequency response (including, e.g., 
a response similar to that of a Butterworth or Chebyshev 
filter) . 

Mult i -pole filters such as that shown in Fig. 12 (these 
filters are also referred to as "BAW resonator multi-pole 
filters") typically provide narrow passband bandwidth?; . By 
example only, for cases in which these types of filters are 
operating at frequencies in tha gigahertz range, the 
filters provide a passband bandwidth of only a few 
megahertz. Typically, the BAW resonators of these types of 
filters are designed to have a series resonance at the 
passband center frequency of the filters, and the passband 
candwidths of the filters are more narrow than the band of 
frequencies which separates the parallel and series 
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resonances of each individual BAW resonator. 

The passband bandwidth of multi pole f iltors that include 
BAW resonators can be increased by connecting other passive 
elements ("tuning" elements), such as inductors, in 
parallel with these BAW resonators, as is described in the 
Oriscoll publication. The added inductors normally cause 
the equivalent parallel capacitance C 0 (see, e.g., Fig. 4b) 
of the individual BAW resonators to be canceled at the 
center frequencies of the individual filters, and also 
increase the frequency differential between the parallel 
and scries resonant frequencies of the respective 
resonators. Unfortunately, these inductors may not always 
be effective at out-of-band frequencies, and the addition 
of more than a few of these inductors to a filter can add 
undesired complexity and size to the overall filter 
structure. 

An example of a filter 59 which includes inductors 
connected in parallel with BAW resonators is shown in Fig. 
13. The filter J9 includes BAW resonators (BAWl) , (BAW2 j 
and (BAW3) , inductors L 01 , L oa , and L„ ( which are connected 
in parallel with the respective BAW resonators (BAWl) , 
(BAW2) and ( BAW3 ) , and capacitors C01, C12, C23, and C34, 
which are employed as impedance inverting elements. Each of 
the inductors L 01 , L 02 , and L„, has an inductance value of 
L co , where L 00 = 1/(C 0 oj 0 2 ), c 0 represents the equivalent 
parallel capacitance of individual ones of the resonators 
(BAWl) , (BAW2) , and (BAW3) , and gj 0 represents a center 
frequency of the filter 59. The filter 59 exhibits a 
frequency respond having three polea . 

The inclusion of the inductors L 01 , L 02 , and L„ in the 
filter 59 enables the filter 59 to provide an increased 
passband bandwidth relative to the* filter 55 of Fig. 12. 
Unfortunately, however, the inclusion of the inductors L 01 , 
ij 02 , and L„ in th« filter '39 causes the filter 59 to 
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provide poor stopband attenuation characteristics at low 
frequencies. This can be seen in view of Figs. 14a and 14b, 
which show an exemplary frequency response of the filter 
59, assuming that 1} the BAW resonators (BAW1) , (BAW2) , and 
(BAW3) include layers having the materials and thickneases 
shown in Table 3, 2) the capacitors C D1 , C 12/ C 23 , and. C 34 
have capacitance values similar to those shown in Table 3, 
and 3) the inductors L 01 , L OJ , and L 03 have inductance values 
similar to those shown in Table 3. 



TABLE 3 



Layer 


L<iyer Thickness 
(BAW 1, BAW 3) 


Layer Thickness 
(BAW 2) 


Tuning Layer Si02 


28 nm 


■ 


Upper Electrode Au 


32 2 nm 


322 ncn 


Piezoelectric 
Layer ZnO 


1430 nm 


143 0 nm 


Lower Electrode Au 


331 nm 


331 nm 


Membrane Layer 
Si02 


242 nm 


242 nm I 


Area of electrodes 
(Horizontal) 


255 urn* 255 urn 


255 urn* 2U5 urn 


C01, C34 


4.94 pF 




C12, C23 


8.55 pF 




* 


7.2 nH 





Referring to Fig. 14a # it can be soen that the filter 5 9 
exhibits poor stopband attenuation characteristics at 
frequencies that are below 800MHz. 

Reference will now be made to other types of multi-pola 
filters, namely, multi-pole filters that are primarily 
comprised of Stacked Crystal Filter (SCF) devices (also 
referred to as "SCF multi-pole filters"). It is known to 
employ one or more SCF devices in a passband filter. An 
advantage of employing SCF devices in passband filters is 
the better stopband attenuation characteristics provided by 
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these filters in general, as compared to the Rtopband 
attenuation characteristics of typical BAW ladder filters 
(an exemplary frequency response of a SCF ia shown in Fig. 
8c) . 

An exemplary lumped element equivalent circuit of a SCF is 
shown in Fig. 8b. The equivalent circuit includes an 
equivalent inductance (2Lm) , an equivalent capacitance 
(Cm/2), an equivalent resistance (2R) , and equivalent 
parallel (parasitic) capacitances <C 0 ) . As can be 
appreciated in view of Fig. 8b, the SCF can be considered 
to be an LC resonator having parallel capacitances (C 0 ) 
connected to ground. Owing to these parallel capacitances 
(C 0 ) , SCF devices are well suited for being employed in 
multi pole filters. By example, an idoal multi-pole filter 
having SCF devices is preferably constructed so that the 
parallel capacitances C 0 of the devices function as 
impedance inverting elements. The use of these capacitances 
C 0 33 impedance inverting elements avoids the need to 
employ external discrete components as impedance inverting 
elements for the filter. 

In a SCF device, the maximum passband bandwidth that can be 
provided is a function of the ratio of the equivalent 
series capacitance Cm of the SCF device to tho equivalent 
shunt capacitances C 0 of the SCF device. This ratio is 
dependent on the level of piezoelectric coupling provided 
by piezoelectric layers of the SCF device. For example, a 
reduction In a piezoelectric layer thicknesses and a 
corresponding increase in a thickness of another layer 
(e.g., a support layer or electrode layer) of a SCF device 
(for causing the device to yield a same rasonant frequency) 
results in the device yielding correspondingly narrower 
passband bandwidths (and decreased coupling levels) . As 
such, the level of coupling provided may be decreased by 
altering the relative thicknesses of these layers. In an 
ideal case, a maximum passband bandwidth can be provided by 
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a SCF device which includes only piezoelectric layers and 
electrode layers, although such a structure is generally 
not employed in practice. 

Cn general, a maximum passband bandwidth of a filter 
comprised primarily of SCFs and no additional discrete 
elements is achieved where a combination of capacitance 
values (2*C G ) of two series-connected SCFs of the filter 
equals a desired value of an impedance inverting 
capacitance for the filter (in such a filter, impedance 
inversion is provided by the combination of the capacitance 
values of the series -connected SCFs) . An even wider 
passband bandwidth can be achieved by connecting an 
external passive element in these filters, such as an 
inductor, between the two SCFs devices so as to cancel at 
least some of the inherent shunt capacitances <c 0 ) of the 
SCFs at passband f rcquencles . Such a filter is described in 
U.S. Patent 5,382,930. Typically, the number of inductors 
employed in these types of filters is one less than the 
number of SCF devices employed in the filters, although 
additional inductors may be employed across the input ports 
and output ports of the filters to provide a higher degree 
of matching and reduced ripple levels at passband 
frequencies . 

An exemplary multi pole filter 56 that includes SCF devices 
is shown in Fig. 15a . The multi-pole filter 56 includes 
three SCF devices, namely SCFs 57, 58 and 59, and further 
includes shunt -connected inductors L pl and Fig. 15b 

shows an exemplary frequency response of the filter 56 of 
»?ig. 15a, wherein it is assumed that i) the SCF devices 57- 
59 of the filter ^6 include layers having the materials and 
thicknesses shown in Table 4, 2 ) each of the SCF devices 
57-59 is constructed so as to yield, a second harmonic 
resonance at the passband center frequency of. the filter 
56, and 3) the inductances L pl and L pJ each have an 
inductance value as shown in Table 4. 
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TABLE 4 



Thayer 


Layer 
Thickness 
(SCPs 57 and 
59) 


Layer 
Thickness (SCF 
58) 


Tuning Layer Si02 




107 lira 


Upper Electrode Au 


228 nra 


2 28 nra 


Upper 

Piezoelectric 
Layer ZnO 


2020 nm 


2020 nm 


Ground Electrode 

AU 


317 nm 


317 nra 


Lower 

D ■? ea t f~\ T « « w >» ■» ^« 

r lezoeiecci ic 
layer ZnO 


2020 nm 


2020 nm 


Lower Electrode Au 


282 nm 


2 82 nra 


Membrane LayGr 
Si02 


186 nm 


186 nra 


Area of electrodes 


310 um* 310 urn 


310 um* 310 ura 


L pl and L pl 
inductances 


8 .3 nH 





The fundamental resonance of each SC^ device 57 -59 appears 
as a spurious response at approximately 500 MHz. Also, the 
parallel resonances of the shunt -connected inductors L pl and 
L pa , and the equivalent parallel capacitances C 0 of the SCF 
devices b7-59, cauye the filter 56 to yield a spurious 
response at approximately 640MHz. These spurious responses 
are undesired in that they cause the filter 56 to provide 
poor stopband attenuation at frequencies which are lower 
than the frequencies of the passband . Fig . liic shows a 
portion (namely, the passband) oZ the frequency response of 
Fig. 15b in greater detail, between the frequencies of 925 
MHz and 970 MHx . It should be noted that the SCF devices 
57-ii9 of the filter 56 may also be constructed fso as to 
yield their fundamental resonances at the passband center 
frequency of the filter 56. Assuming this is the case, the 
filter 56 may produce spurious responses at frequencies 
that are higher than the passband frequencies of the filter 
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56 (e.g., a spurious response may appear at approximately 
2GHss) . This response is also undesired. 

in view of the above description, it can be appreciated 
that, it would be desirable to provide a filter having a 
topology which enables the filter to provide desirable 
passband response characteristics, such as a wide passband 
bandwidth and a high degree of stopband attenuation, while 
employing a reduced number of passive components (i.e., 
discrete parallel inductors and discrete impedance 
inverting elements) relative to the number of passive 
components included in prior art multi-pole filters, it 
would also be desirable that the filter provide better 
frequency response characteristics than are provided by the 
multi-pole filters described above. 

OBJECTS OR THK TUVflMTTniii. 

It is an object of this invention to provide a filter that 
provides improved frequency response characteristics 
relative to those that can be provided by conventional BAW 
resonator multi-pole filters and conventional SCP multi • 
pole filters. 

It is another object of this invention to provide a 
bandpass filter which yields improved frequency response 
characteristics relative to those yielded by conventional 
multi-pole filters, while employing a reduced number of 
passive components relative to the number of! such 
components employed in conventional multi-pole filters. 

Further objects and advantages of this invention will 
become apparent from a consideration of the drawings and 
ensuing description. 
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SUM MARY OF THE INVENTION 

The Coregoing and other problems aro overcome and the 
objects of the invention are realized by a Multi-pole Bulk 
Acoustic Wave Resonator Stacked Crystal Filter (BAWR-SCF) 
device or circuit. According to a preferred embodiment of 
the invention, the Multi-pole BAWR-SCF circuit comprises 
four ports, a first lead that is connected between a first 
and a second one of the ports, and a second lead that if* 
connected between a third and a fourth one of the ports. 
The Multi-polo BAWR-SCF circuit also comprises at least one 
BAW resonator that is connected in series in the first 
lead, and at least one Stacked Crystal Filter (SCF) . The 
SCF has first and second terminals that are connected in 
the first lead, and a third terminal that is connected in 
the second lead. The Multi-pole BAWR-SCF circuit further 
comprises a plurality of impedance inverting elements and 
at least one inductive element. Bach individual one of the 
impedance inverting elements is coupled across the first 
and second leads, and the at least one inductive element is 
connected in parallel with the at least one BAW resonator. 
The second lead is preferably connected to ground during 
use. 

In accordance with one embodiment of the invention, the at 
least one BAW resonator includes a first BAW resonator and 
a second BAW resonator, the plurality of impedance 
inverting elements include a first impedance inverting 
element and a second impedance inverting element, and the 
at least one inductive element includes a first inductive 
element and a second inductive element. Each of the first 
BAW resonator and the first impedance inverting element has 
a respective first terminal that is coupled to the first 
port. The first BAW resonator also has a second terminal 
that is coupled to the first terminal of the SCF, and the 
second BAW resonator has a first terminal that is coupled 
to the second terminal of the SCF. Additionally, the second 
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BAW resonator has a second terminal that is coupled to the 
second port, the second impedance inverting element has a 
first terminal that is coupled to the second port, the 
first inductive element is connected in parallel with the 
first BAW resonator, and the second inductive element is 
connected in parallel with the second BAW resonator. 

Also in this embodiment of the invention, the first 
inductive element has a first end that is coupled to the 
first port, and the first inductive element haa a second 
end that is connected in the f!irst lead between the second 
terminal of the first BAW resonator and the first terminal 
of the SCF. Moreover, the second inductive element has a 
respective first end that is connected in the first lead 
between the aecond terminal of the SCF and the first 
terminal of the second BAW resonator, and also has a 
respective second end that is coupled to ths second port. 
Also, the first impedance inverting element has a second 
terminal that is coupled to the third port, and the second 
impedance inverting element has a second terminal that is 
coupled to the fourth port. 

In accordance with a furthsr embodiment of the invention, 
a Multi-pole BAWR-SCF circuit is provided which is similar 
to that of the preferred embodiment described above, except 
that the circuit comprises two SCF devices, a single BAW 
resonator, an inductive element that is connected in 
parallel with the BAW resonator, and two sliunt-connected 
impedance inverting elements. The BAW resonator is 
interposed between the two SCF devices. A first one of the 
SCF devices has a terminal that is coupled to the first 
port, a terminal that is coupled to a terminal of the BAW 
resonator, and another terminal that is coupled to the 
second load. A second one of the SCF devices has a 
terminal that is coupled to the second port, a terminal 
that is coupled to another, terminal of the HAW resonator, 
and a terminal that is coupled to the second lead. A first 
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one of the two impedance inverting elements has a first and 
that is coupled in the first lead between the first SCF 
device and the BAW resonator, and also has a second end 
that is coupled to the second lead. Moreover, a second one 
of the impedance inverting elements has a first end that is 
coupled .in the first load between the BAW resonator and the 
second SCF device, and also ha*3 a second end that is 
coupled to the second lead. 

In accordance with the invention, by employing the BAW 
resonators, SCFs, impedance inverting elements, and 
inductive elements within a single circuit, such as the 
circuits of the invention described above, a frequency 
response having a wide paseband bandwidth and a high degree 
of stopband attenuation is provided by the circuit. Also 
in accordance with the invention, the equivalent parallel 
capacitance C Q of the SCFs function as further impedance 
inverting elements. 

Tha number of discrete elements (e.g., parallel inductors 
and impedance inverting elements) employed in the circuits 
of the invention is reduced relative to the number of such 
elements employed in at least some conventional multi-pole 
filters, and the circuits of the invention nevertheless 
provide wide passband bandwidth??. The Multi pole BAWR-SCF 
circuits of the invention provide generally improved 
frequency responses relative to those that can be exhibited 
by, for example, the conventional DAW resonator multi-pole 
filters and conventional SCtf . multi -pole filters described 
above . 

In accordance with another aspect of the invention, the 
SCFs (which yield series resonances) of each Multi-pole 
bawr-scf circuit may be fabricated to havG a layer stack of 
a thickness that enables the SCFs to yield either a 
fundamental resonant frequency or a second harmonic 
resonant frequency at, or near, the desired ("design") 
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center frequency of the Multi-pole BAWR-SCF device. 
Preferably, the Multi-pole BAWR-SCF devices of the 
invention are constructed so that the SCFs yield a second 
harmonic resonance, rather than a fundamental resonance, at 
the "design" center frequency of the respective Multi-pole 
BAWR-SCF devices. This is because the Multi-pole BAWR-SCF 
devices are easier to fabricate in this case. 

The Multi pole BAWR-SCF circuits may include any suitable 
types of HAW resonators and SCFs, including, for example, 
solidly-mounted (i.e., acoustic mirror structure) BAW 
resonators and SCFs. The use of acoustic mirrors in the 
Multi -pole BAWR-SCF devices offers a number of advantages 
over the use of other types of structures. One advantage 
is that the acoustic mirror devices are structurally more 
rugged than the other types of devices. Another advantage 
is that;, in high power applications, any heat that may be 
generated due to losses in the devices is conducted 
efficiently no Lhe substrates of the respective devices via 
the acoustic mirrors. A further advantage of using acoustic 
mirror devices in the Multi -pole BAWR-SCF devices of the 
invention is that the acoustic mirrors can help to 
attenuate any unwanted harmonic responses that may occur in 
the devices. 

In accordance with a preferred embodiment of the invention, 
the inductive elements and impedance inverting elements of 
the circuits described above are fabricated on one 
substrate, and the BAW resonator and SCF components of the 
circuits are fabricated on another substrate. These 
elements are then coupled together to form a Multi -pole 
BAWR-SCF device in accordance with the invention. 

BR^BF DEnCRIPT.:ON OF THE nPAWTNr-s 

The above set forth and other features of the invention are 
made more apparent in the ensuing Detailed Description of 
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the invention when read in conjunction with the attached 
Drawings , wherein: 

Fig. la illustrates a cross- section of an exemplary Bulk 
Acoustic Wave (BAW) resonator that includes a merabrane and 
an air gap? 

Fig. lb illustrates a top view of! a portion of the BAW 
resonator of Fig. la; 

Fig. 2 illustrates a cross-section of an exemplary BAW 
resonator that includes a sacrificial layer; 

Fig. 3a illustrates a cross section of an exemplary 
solidly-mounted BAW resonator that includes an acoustic 
mirror; 

Fig. 3b shows a Lop view of a portion of the OAW resonator 
of Fig. 3a, including a protective layer 38a and electrodes 

24 and 26; 

Fig. 4a illustrates a cross- section of an exemplary BAW 
resonator that includes a substrate having a via; 

Fig. 4b shows a lumped element equivalent circuit of a BAW 
resonator; 

Fig. 5a illustrates a cross-section of an exemplary Stacked 
Crystal Filter (SCF) that includes a membrane and an air 
gap; 

Fig. 5b illustrates a top view of a portion of the SCF of 
Fig. 5a; 

Fig. 6 illustrates a cross-section o.C an exemplary SCF that 
includes a sacrificial layer; 
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Fig. 7a illustrates a cross-Section of an exemplary 
solidly-mounted SCF that includes an acoustic mirror; 

Fig. 7b shows a top view of a portion of the SCF of Fig. 
7a; 

Fig, 8a illustrates a cross -section of an exemplary SCF 
that includes a substrate having a via; 

Fig. 8b shows a lumped element equivalent circuit of a SCF; 

Fig. 8c shows an exemplary frequency response of a SCF; 

Fig. Bd shows a circuit diagram of an exemplary BAW ladder 
filter that includes two BAW resonators, and which is 
constructed in accordance with the prior art; 

Fig. 8e shows an exemplary frequency response of the BAW 
ladder filter of Fig. 8d; 

Fig. 8£ shows a circuit diagram of an exemplary BAW ladder 
filter that includes four BAW resonators, and which is 
constructed in accordance with the prior art; 

Fig. 8g shows an exemplary frequency response of the BAW 
ladder filter of H"ig. &£. 

Fig. 8h shows a lumped element equivalent circuit of the 
BAW ladder filter of Fig. 8f ; 

Fig. 8i shows a schematic diagram of an exemplary 
"balanced" ladder filter that is constructed in accordance 
with the prior art; 



Fig. 8j shows a lumped element equivalent circuit of: the 
balanced ladder filter of Fig. 8i ; 
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Fig. 9 shows an exemplary frequency response of! a ladder 
filter that includes four DAW resonators and no tuning 
elements, in accordance with the prior art; 

Fig. 10a shows a circuit diagram of an exemplary multi-pole 
filter that includes resonators XI, X2 and X3 f impedance 
inverting circuits 51a~51d, and terminating impedances R a 
and R b , wherein the filter is constructed in accordance 
with the prior art ? 

Fig. 10b shows a circuit diagram of! another exemplary 
multi-pole filter that is constructed in accordance with 
the prior art,- 

Fig; lia shows an exemplary impedance inverting circuit 
that includes inductors L1-L3; 

Fig. lib shows an exemplary impedance inverting circuit 
that includes capacitors C1-C3; 

Fig. lie shows exemplary resonator reactance curves; 

Fig. 12 shows a circuit diagram of a conventional multi- 
pole filter that includes BAW resonators 56, 57 , and 58, 
and impedance inverting capacitors C01, C12 , C23, and C34; 

Fig. 13 shows a circuit diagram of another conventional 
prior art multi-pole filter, wherein the filter i3 similar 
to that shown in Fig 12, but also includes inductors L ol , 
L D 2# arid L 03 ; 

Fig. 14a shows a frequency response of the multi-pole 
filter of Fig. 13/ 

eig. 14b shows a portion of the frequency response of Fig. 
14a, over a range of frequencies between 925MHz and 970MHz,- 
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Fig. 15a shows a circuit diagram of a further exemplary 
multi-pole filter that is constructed in accordance with 
the prior art, wherein the filter includes SCR devices 57, 
58 and 59, and shunt- connected inductors and L • 

Fig. 15b shows a frequency response of the multi-pole 
filter of Pig. 15a; 

Fig. lbc shows a portion of the frequency response of Fig. 
15b, over a range or frequencies between 925MHz and 970MHz ; 

Fig. 16a illustrates a circuit diagram of a Multi-pole Bulk 
Acoustic Wave Resonator-Stacked Crystal Filter (BAWR-SCF) 
device that is constructed in accordance with an embodiment 
of the invention; 

Fig. 16b showa an exemplary lumped element equivalent 
circuit of the Multi-pole BAWR-SCF dQvice of Fig. I6a ; 

Fig. 17a shows a Multi pole BAWR-SCF device that is 
constructed in accordance with another embodiment of the 
invention; 

Fig. 17b shows an exemplary lumped element equivalent 
circuit of the Multi -pole BAWR-SCF device of Fig. X7a ; 

Fig. 18a shows an exemplary frequency response of the 
Multi -pole BAWR-SCF circuit of Fig. 16a; 

Pig. 18b shows a portion of the frequency response of Fig. 
18a, over ^ range of frequencies between 925MHz and 970MHz ; 

Fig. 19a shows an exemplary frequency response of the 
Multi-pole BAWR-SCF circuit of Fig. 17a; 



Fig. 19b shows a portion of the frequency response of Fig. 
19a, over a range of frequencies between 925MHz and 970MHz ; 
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Figs. 20a and 20b show respective portions 100' and 10 0" of 
a Multi-pole BAWR-SCF device 100"' which is shown in Fig. 
20c, wherein the device 100"' is constructed in accordance 
with the invention; 

Fig. 20c shows the Multi-pole BAWR-SCK device 100" ' 
constructed in accordance with the invention? 

♦ 

Figs. 2la and 21b show respective portions 116 and 117 of 
a device 118 which is shown in Fig. 20c f wherein the device 
118 is constructed in accordance with the invention; and 

Fig. 2Lc shows the device 118 constructed in accordance 
with the invention. 

Identically labeled elements appearing in different ones of 
the figures refer to the same element but may not be 
referenced in the description for all figures. 

DflTA.CkEP DHiSCR TpTTON OF THE IMVENTTONf 

Before describing th« presently preferred embodiments of 
this invention, brief reference will first be made to the 
Bulk Acoustic Wave (BAW) devices shown in Figs. la-4a and 
the Stacked Crystal Filters (SCFs) shown in Figs. 5a-8a. 
The Bulk Acoustic Wave (BAW) devices shown in Figs. la-4a 
are further described in a commonly assigned, allowed U.S. 
patent application serial no.: 08/720,696, entitled »a 
Device Incorporating a Tunable Thin ?ilm Bulk Acoustic 
Resonator for Performing Amplitude and Phase Modulation", 
filed on October 2, 1996, and invented by Ouha E11S . The 
Stacked Crystal Filters (SCFs) shown in Figs. 5a-8a, as 
well as the Bulk Acoustic Wave (BAW) devices shown in Figs. 
la-4a, are also described in a commonly assigned, copending 
U.S. patent application serial no.: 08/861,216, entitled 
"Filters Utilizing Thin Film stacked Crystal Filter 
Structures and Thin Film Bulk Acoustic Wave Resonators- , 



(76) 



#Hfi¥ 11-346140 



filed on 5/21/97, and invented by Juha Ella. 

in Figs, la and lb, a side viow of a cross- section and a 
top view of a cross section, respectively, are shown of a 
BAW resonator 20 having a membrane or bridge structure 28. 
The BAW resonator 20 comprises a piezoelectric layer 22, a 
layer 38b, a protective layer 38a (a.g., polyimide) , a 
first, lower electrode 24, a second, upper electrode 26, 
the membrane 28, etch windows 40a and 40b, an air gap 34, 
and a substrate 36. The piezoelectric layer 22 comprises, 
by example, a piezoelectric material that can be fabricated 
as a thin film such as, by example, zinc-oxide (2n0) , ainc- 
sulfur (ZnS), or aluminum- nitride (A1N) . The membrane 28 
comprises two layers, namely, a top layer 30 and a bottom 
layer 32, although only a single mambrane layer may also be 
employed. The top layer 30 is comprised of, by example, 
silicon (Si), silicon-dioxide (Si0 2 ), poly-silicon (poly- 
si) , or aluminum-nitride (A1N) , and the bottom layer 32 is 
comprised of , by example, silicon, silicon-dioxide (Si0 2 ) , 
or gallium arsenide (GaAs) . The layer 38b is also 
comprised of, by example, SiO z or GaAs. The lower 
electrode 24 may be comprised of, by example, gold (Au) , 
molybdenum (Mo), or aluminum (Al) , although gold is 
preferably employed sinca it provides greater advantages 
during the growing of the piezoelectric layer 22 than do 
the other materials. The upper electrode 2 6 may also be 
comprised of, by example, gold (Au) , molybdenum (Mo), or 
aluminum (Al) , although aluminum is preferably used since 
it is less electrically lossy than the other materials. 
Curing fabrication of the device 20, the layers 38b and 32 
are deposited simultaneously, and as a single layer, over 
the substrate 36 of the device 20. The etch windows 40a 
and 40b are formed by etching through this single layer and 
the layer 38a (as a result, the separately labolled layers 
38b and 32 are provided) . The substrate 36 is comprised of 
a material such as, by example, silicon (Si), si0 2 , GaAs, 
or glass. Through the etch windows 40a and 40b, a portion 
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of the substrate 36 is etched to form the air gap 34 after 
the membrane layers have been deposited over the substrate 
3G. 

Referring to Fig. 2, a RAW resonator 21 ie shown. The BAW 
resonator 21 is similar to the one illustrated in Fig. la, 
with an addition of a sacrificial layer 39. During 
fabrication of the resonator 21, the sacrificial layer 39 
is deposited over the substrate 36 prior to the deposition 
of the membrane 28. After all of the resonator layers are 
formed, the sacrificial layer 39 is removed through the 
etch windows 40a and 40b to form air gap 34. The layer 32 
provides protection for the piezoelectric layer 2 2 during 
the removal of the sacrificial layer 39. 

For both of the resonators 20 and 21, the piezoelectric 
layer 22 produces vibrations in response to a voltage being 
applied across the electrodes 24 and 26. The vibrations 
that reach the interface between the membrane 28 and the 
air gap 34 are reflected by this interface bac3c into the 
membrane 28. In this manner, the air gap 34 isolates 
vibrations produced by the piezoelectric layer 22 from the 
substrate 36. 

Figs. 3a and 3b show a side view of a cross-section and a 
top view of a cross -section, respectively, of another 
device, namely, a solidly -mounted BAW resonator 23a. BAW 
resonator 23a has a similar structure as that of the BAW 
resonator 20 of Fig. la, except that no layer 38b is 
provided, and the membrane 28 and the air gap 34 are 
replaced with an acoustic mirror 70 which acoustically 
isolates vibrations produced by the piezoelectric layer 2 2 
from the substrate 36. It should be noted, however, that a 
membrane or tuning layer (not shown) may also' be provided 
between the acoustic mirror 70 and the electrode 24, if 
needed to tune the device 23a to enable it to provide 
desired frequency response characteristics. 
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The acoustic mirror 70 may comprise an odd number of layers 
(e.g., from three to nine layers). The acoustic mirror 70 
shown in Fig. 3a comprises three layers, namely a top layer 
70a, a middle layer 70b, and a bottom layer 70c. Each 
layer 70a, 70b and 70c has a thickness that ia, by example, 
approximately equal to one quarter wavelength at the center 
frequency of the device. The top layer 70a and bottom 
layer 70c are comprised of materials having low acoustic 
impedances such as, by example, silicon (Si), silicon- 
dioxide (SiOz) , poly-silicon, aluminum (a!) , or a polymer. 
Also, the middle layer 70b is comprised of a material 
having a high acoustic impedance such as, by example, gold 
lAu), molybdenum. (Mo), or tungsten (W) (tungsten is 
preferred) . A ratio of the acoustic impedances of 
consecutive layers is large enough to permit the impedance 
of the substrate to be transformed to a luwar value. When 
the piezoelectric layer 22 vibrates, the vibrations it 
produces are substantially isolated from the substrate 36 
by the layers 70a r 70b and 70c. Deing that the vibrations 
are isolated in this manner, and because no etching of the 
substrate 36 is required during the fabrication the 8AW 
resonator 23, the substrate 36 may be comprised of various 
materials having low or high acoustic impedances such as, 
by example, Si, Si0 a , GaAs, glass, or a ceramic material 
(e.g., alumina). Also, for any of the high impedance 
dielectric layers described above, tantalum dioxide may be 
employed in lieu of the materials mentioned above. 

In Fig. 4a, a cross - section of another type of BAW 
resonator 80 is shown. The resonator 80 comprises a 
piezoelectric layer 22, a first, lower electrode 24, a 
second, upper electrode 26, a membrane 88, and a substrate 
90 having a via 92. The piezoelectric layer 22, the first 
and second electrodes 24 and 26, and the membrane 88 form 
a stack that preferably has a thickness of, by example, 2 
^m to 10 M m, and the substrate 90 preferably has a 
thickness of, by example, 0.3 mm to l mm. A portion of the 
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via 92 located directly underneath the membrane 88 
preferably has a lengLh of, by example, 100 fim to 400 pn. 
The substrate 90 may comprise, by example, Si or GaAs . The 
reconatur 80 functions in a similar manner as the resonator 
20 described above in that both of these devices employ air 
interfaces to reflect acoustic vibrations produced by the 
piezoelectric layers 22 of the respective devices. A 
primary difference between these resonators 20 and 80, 
however, is the method employed for fabricating the 
respective devices. For example, for the resonator 80, 
after all of the layers 22, 24, 26, and 88 are formed, a 
portion of the substrate is then etched away from 
underneath the substrate 90 to form the via 92 . 

Each of the BAW resonators described above may be 
fabricated using thin film technology, including, by 
example, sputtering and chemical vapor deposition stepB. 
BAW resonators exhibit series and parallel resonances that 
are similar to those of, by example, crystal resonators. 
Resonant frequencies of DAW resonators can typically range 
from about 0.5GHz to 5GHz, depending on the layer 
thicknesses of the devices. Alno, the impedance levels of 
BAW resonators are a function of the horizontal dimensions 
of the devices. 

Reference will now be made to Fiqs. 5a-8a, which show 
various embodiments of another type of BAW device, namely 
a Stacked Crystal Filter (SCF). Figs. 5a and 5b show a 
Stacked Crystal Filter 20'. The SCF 20' is constructed of 
layers 36, 32, 30, 24, 22, 38a, and 38b, an air gap 34, and 
etch windows 4 0a and 40b, that are similar to those of the 
BAW resonator 20 described above. In addition to these 
layers, the Stacked Crystal Filter 20' also includes a 
second, middle electrode 26', which is similar to the 
electrode 26 of the BAW resonator 20 described above, and 
which is employed as a ground electrode. The SCF 20' also 
includes an additional piezoelectric layer 23 that is 
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disposed over the electrode 26' and over portions of the 
Piezoelectric layer 22. The SCF 20' further includes a 
third, upper electrode 25 that is disposed over a top 
portion of the piezoelectric layer 23. The electrodes 25 
and 26' may comprise similar materials as the electrodes 24 
and 26 of BAW resonator 20. and the piezoelectric layers 22 
and 23 may comprise similar materials as the piezoelectric 
layer 2 2 of BAW resonator 20. Also, as can be appreciated 
in view of .'igs. 5a and 5b, the protective layer 38a covers 
portions of the piezoelectric layer 23 and the electrode 
25, in addition to covering portions of the other layers oE 
the SCF 20'. For the purposes of this description, the 
piezoelectric layers 22 and 23 of SCF 20' are also referred 
to as a first, lower piezoalectric layer 22, and a second, 
upper piezoelectric layer 23, respectively. 

Fig. 6 shows a Stacked Crystal Filter 21' that is similar 
to that of Figs. 5a and Sb, with an addition of a 
sacrificial layer 39. The sacrificial layer 39 is employed 
to form an air gap (not shown in Fig. 6) in a similar 
manner as was described above with respect to Fig. 2. The 
layer 32 provides protection for the piezoelectric layer 22 
during the removal of the sacriUcial layer 39. 

Fig. 7a shows a solidly-mounted Stacked Crystal Filter 23' 
that comprises layers 36, 70, 70a, 70b, 70c. 24, 22, and 
3 8a, that are similar to those of BAW resonator 23a of 
Figs. 3a and 3b. The SCF 23' also includes an additional 
piezoelectric layer 23, a second, middle electrode 26', and 
a third, upper electrode 2b. The electrodes 25 and 26' may 
comprise similar materials as the electrodes 24 and 26 of 
BAW resonator 23a, and the piezoelectric layers 22 and 23 
may comprise similar materials as the piezoelectric layer 
22 of BAW resonator 23a. The piezoelectric layer 23 is 
disposed over portions of the electrode 26' and the 
piezoelectric layer 22, and the electrode 25 is disposed 
over a top surface of the piezoelectric layer 23. The 
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electrode 26' of SCF 23' serves as a ground electrode and 
covers portions of the acoustic mirror 70 and the 
piezoelectric layer 22. Protective layer 38a covers 
portions of the layers 23, 25, and 26', in addition to 
covering other portions of the SCF 23' . Fig. 7b shows a 
top portion of the SCF 23 ' , including the electrodes 24, 25 
and 26', and a portion of protective layer 38a. For the 
purposes of this description, the piezoelectric layers 22 
and 23 of SCF 23' are also referred to as a first, lower 
piezoelectric layer 22, and a second, upper piezoelectric 
layer 23, respectively. It should be noted that a membrane 
or tuning layer (not shown) may also be provided between 
the acoustic mirror 70 and the electrode 24 of the device 
23 if needed for tuning the device 23' to enable it to 
provide desired frequency response characteristics. 

Fig. 8a shows a Stacked Crystal Filter 80' that is 
comprised of a substrate 90, a membrane 88, a first, lower 
electrode 24, a first, lower piezoelectric layer 22, and a 
via 92, that are similar to those of BAW resonator 80 
described above. In addition to these components, the SCF 
80' also includes a second, upper piezoelectric layer 23, 
a second, middle electrode 26', and a third, upper 
electrode 25, that include similar materials as described 
above. The middle electrode 26' is disposed over portions 
o£ the piezoelectric layer 22 and the membrane 88. The 
piezoelectric layer 23 is disposed over portions of middle 
electrode 26' and the piezoelectric layer 22, and the third 
electrode 25 is disposed over the piezoelectric layer 23. 
The second electrode 26' oZ this device servas as a ground 
electrode. 

Bach of the Stacked Crystal Filters shown in Figs. 5a-8a 
may be fabricated using the same substrate materials and 
deposition methods used to fabricate the DAW resonators of 
Figs, la 4a. As referred to above, an equivalent circuit 
of a SCF is shown in Fig . 8b. Also, as was described 
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above, SCFs are two-port devices having equivalent 
capacitances (Co) (sec Fig. 8b), and perform similar to LC 
resonating circuits. SCFs exhibit a series resonance. 
Like the Baw resonators described above, the impedance 
levels of Stacked Crystal Filters are a Function ojE the 
horizontal dimensions on the devices. Also like the BAW 
resonators described above, the fundamental (series) 
resonant frequency of each SCK is a function of the 
thickness of the layer stack (e.g., including the 
thicknesses of: the electrodes, the piezoelectric layers, 
and the membrane (s) , if any) disposed over the substrate or 
the device. 

■ 

As was previously described, conventional BAW resonator 
multi pole filters and SCP multi-pole filter* can generally 
provide only limited passband bandwidth* . As was also 
previously described, the passband bandwidth of a multi- 
pole filter can be increasad to some extent by connecting 
various passive « tuning" components within the filter. 
These components may include, for example, discrete 
inductive elements, such as monolithic spiral coils, 
discrete inductors, or transmission lines, which are 
connected in parallel with resonators of the filter. As 
was further previously described, conventional multi-pole 
filters that include series-connected resonators generally 
include impedance inverting components such as those shown 
in Figs. 1 la and lib. The inclusion of these types of 
passive elements in a filter can contributes to increasing 
the overall si*a and complexity of the filter, and the low 
Q values of the inductive tuning elements can cause an ■ 
increase in the filter's level of insertion loss. Also, the 
inclusion of discrete inductors within a filter can cause 
the filter to yield unwanted spurious responses, especially 
at low frequencies. As can be appreciated, it would be 
desirable to provide a multi-pole filter which includes a 
reduced number of passive element n relative to the number 
of passive elements included in at least some conventional 
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multi-pole filters, and which provides better frequency 
response characteristics than are provided by these 
conventional multi-polo filters. 

In view of these considerations, the inventor has 
determined that by providing HAW resonators, SCFs, and 
passive components (such as (a) impedance inverting 
elements and (b) inductive elements connected in parallel 
with the BAW resonators) within a single circuit, desired 
frequency response characteristics can be provided, while 
avoiding some of the drawbacks associated with the use of 
the prior art BAW resonator multi -pole filters and prior 
art SCF multi pole filters described above. More 
particularly, the inventor has developed monolithic filters 
that are comprised of series connected BAW resonators and 
Stacked Crystal Filters, and which alao include a reduced 
number of inductive tuning elements and impedance inverting 
elements relative to the number of such elements employed 
in at least some conventional multi-pole filters. Also, by 
including SCF devices in the filters, the inventor has 
exploited the equivalent parallel capacitance C 0 of the SCF 
devices to advantage, in that the filters the invention 
are constructed so that these parallel capacitances C 0 
function as impedance inverting components between 
resonators or the filters, thereby reducing the number of 
discrete impedance inverting elements needed to be employed 
in the filters. These parallel capacitances function in 
conjunction with discrete impedance inverting elements 
within the filters for transforming a terminating impedance 
of the respective filters from a first impedance to a 
second impedance . 

The filters of the invention provide a wide passband 
bandwidth and a high degree of etopband attenuation, and, 
as such, also provide improved frequency responses relative 
to those that can be provided by f for example, BAW 
resonator multi pole filters and SCF multi-pole filters on 
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the prior art. The filters of the invention are hereinafter 
referred t-.o as Multi-pole Bulk Acoustic Wave Resonator- 
Stacked Crystal Filter (BAWR-SCF) devices or circuits (or 
FBAR-SCF devices) , and may be embodied in accordance with 
various topologies, as will be describod below. The BAW 
resonators of the Multi-pole BAWR-SCF devices of the 
invention may be similar to any of those described above 
and shown in Figs. la-4a, and the SCFs of the Multi-pole 
BAWR-SCF devices may be similar to any of those described 
above and shown in Figs. 5a 8a. 

Before describing the various embodiments of the Multi-pole 
BAWR-SCF devices of the invention, aspects of the invention 
relating to the basic topology, fabrication, and 
performance of these devices will be referred to. The basic 
topology of the Multi-pole BAWR-SCF devices of the 
invention includes a plurality of series- connected BAW 
resonators and SCF devices, inductive elements connected in 
parallel with the BAW resonators, and shunt connected 
impedance inverting elements. The number of BAW resonators 
and SCF devices included in the Multi-pola BAWR SCF devices 
of the invention depends on, tor example, the frequency 
response characteristics (e.g., the number of poles, the 
passband bandwidth/shape (i.e., Dutterworth or Chebyshev) , 
the amount of passband ripple, etc.) and terminating 
impedance levels desired to be provided. By example, each 
BAW resonator and each SCF device included in the Multi- 
pole BAWR-SCF devices causes the devices to yield a 
respective pole. Also, the number of inductive elements 
employed in the Mult i -pole BAWR-SCF devices is the same as 
the number of BAW resonators employed in these devices. 

During the design of the Multi-pole BAWR SCF devices of the 
invention, dimensions for the thicknesses and areas of the 
BAW resonator layers and SCF layers of the devices are 
preferably selected for enabling the BAW resonators and 
SCFs to resonate at desired frequencies. After these areas 
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and thicknesses are selected, equivalent circuit element 
values (e.g., bra, Cm and C 0 ) for the BAW resonators and 
SCFs, as well as values for the impedance inverting 
components (inductive or capacitive) . are determined (e.g., 
Lhe value oC equivalent capacitance C 0 of the devices is 
preferably selected so as to have a reconancG at the center 
frequency of the filter) . Also, values for Lhe inductive 
elements (which are connected in parallel with the BAW 
resonators) are selected. The inductance values of the 
inductive elements (i.e., tuning elements) employed in the 
Multi-pole BAWR-SCF devices of the invention depend on, for 
example, the resonant frequencies, and hence, the 
thicknesses of the piezoelectric layers, of the BAW 
resonators with which the Inductive elements are connected 
in parallel. By example, the values of the inductive 
elements employed in a Multi-pole BAWR-SCF device are 
preferably selected so that each inductive elemenL has a 
parallel resonant frequency which is similar to that of the 
equivalent parallel capacitance C 0 of the BAW resonator 
with which the inductive element is connected in parallel. 
This frequency is Lhe center frequency of the BAW resonator 
and center frequency of the pa^sband of the Multi-pole 
BAWR-SCF device. In this manner, each inductive element is 
able to cause the equivalent parallel capacitance C 0 to be 
canceled at the center frequency of the resonator device, 
and is al3o able to cause the parallel and series resonant 
frequencies of the resonator device to be separated from 
one another by a wider frequency band than is provided 
without the inductive element. As a result, the overall 
passband bandwidth of the Multi-pole BAWR-SCF filter is 
increased relative to that which is provided by the filter 
without such inductive tuning elements. 

The determinaLion of appropriate values for the BAW 
resonator and SCF layer thicknesses/areas, as well as the 
determination of the various inductive and capacitive 
component values, may be made in accordance with any 
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suitable, known filter design technique. 

Impedance inversion parameter values (i.e., ic,, K j41 , etc.) 
for the impedance inverting elements employed in the BAWR- 
SCF devices may also calculated using the equations (1-4) 
referred to above, assuming that the desired number of. 
poles for the devices and values for appropriate ones on 
the variables in the equations (e.g., values for the 
terminating impedances R a and R a , the fractional bandwidth 
w, etc.) have been selected. 

Being that these impedance inversion parameter values 
affect the overall equivalent capacitances and/or 
inductances provided within the filter, and may be 
different for different ones of the impedance inverting 
elements within tha filter, the calculated values of the 
equivalent circuit elements (e.g., Lm, Cm and C 0 ) , as well 
as the thicknesses/areas of the resonator layers, may need 
to be modified somewhat in order to enable the *AW 
resonators and SCF components to resonate at the desired 
frequencies after fabrication, and to cause the parasitic 
capacitances to assume desired values. As a result, at 
leant some of the resonator components of the Multi-pole 
BAWR-SCF devices may have differing layer stack thicknesses 
and correspondingly different resonant frequencies. By 
example, it is assumed that it is desired to provide a 
Multi-pole BAWR-SCF device having n consecutive resonator 
components (including BAW resonators and SCFs) , wherein the 
device yields either a Chebyshev- type frequency response 
having an odd number of poles or a But terworth- type 
frequency response, and wherein input and output ports of 
the device have similar terminating impedances. In this 
case, a first one of the resonator components and an nth 
one of the resonator components may have similar layer 
stack thickness and resonant frequencies. However, these 
thicknesses and resonant frequencies may differ from those 
of other ones o£ the resonator components of the device, 
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such as a second one and an (nl)th one of the resonator 
components of the device, which both may have similar layer 
stack thicknesses and resonant frequencies , etc. In a 
Multi-pole BAWrt-SCF device designed to provide 5 or 6 
poles, for example, there may be three different 
frequencies at which the various resonators resonate. 

In accordance with another aspect of the invention, the 
SCFs of each Multi-pole BAWR-SCF circuit may be fabricated 
to have layer stacks having thicknesses that enable the 
SCFs to yield either a fundamental (series) resonant 
frequency ur a second harmonic (series) resonant frequency 
at or near the "design" center frequency of the Multi-pole 
BAWR-SCF circuit. As can be appreciated, the layer stack 
thicknesses of the SCFs will differ in each case. This 
difference in layer stack thicknesses is preferably 
provided by a difference in the thicknesses of the 
piezoelectric layers of the stacks, although the difference 
may also be provided by differences in the thicknesses of 
remaining ones of the layers of the stacks. Which one of 
these "layer thickness differences" is employed, however, 
may depend on various considerations, such as applicable 
design requirements, the relative ease of device 
fabrication for each case (e.g., it is preferred that 
device fabrication be as simple as possible), etc. 

Preferably, the Multi-pole BAWR-SCF devices of the 
invention are constructed so that the SCFs yield a second 
harmonic resonance, rather than a fundamental resonance, at 
approximately the center frequency of the respective Multi- 
pole BAWR-SCF devices. This Is because the Multi-pole BAWR- 
SCF devices are easier to fabricate in the case in which 
the SCFs yield the second harmonic resonance at 
approximately the center frequency of the respective 
devices. It should be noted that, if desired, the Multi- 
pole BAWR-SCF circuits may also be fabricated so that the 
SCFs exhibit other harmonic resonant frequencies, besides 
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the fundamental and second harmonic resonant f rsquencies , 
at approximately the "design" cenLer frequency of: the 
respective Multi-pole BAWR-SCF devices. 

In accordance with another aspect of thiti invention, it is 
preierred that the Multi pole DAWR SCF devices be 
constructed in a manner so that a minimum number of vias 
are included in the structures of the respective devices. 
This aspect of the invention, as well as the aspect of the 
invention relating to the operation of the SCFs at either 
the fundamental resonant frequency or the second harmonic 
resonant frequency, are further described in commonly 
assigned U.S. patent application serial no.: 05/861,216. 
The disclosure of this U.S. patent application is 
incorporated by reference herein in its entirety. 

An embodiment of a Multi-pole BAWR SCF device in accordance 
with this invention will now be described. Referring to 
Fig. 16a, a schematic diagram is shown of a circuit having 
a basic topology of a Multi-pole BAWR-SCF device 
constructed in accordance with the invention. The circuit, 
namely, a Multi-pole BAWR-SCF circuit (or device) l, 
comprises BAW resonators <BAW1) and (BAW2), a Stacked 
Crystal Filter 4, impedance inverting elements, which are 
embodied as capacitors C01 and C34, and inductors L ot and 
li 02 . Preferably, the Multi -pole DAWR -SCF device 1 is a four 
port device, and includes ports (or nodes) (Pi) and (P2), 
and ports (Ol) and (02). The ports (Pi) and (P2) are, for 
example, 50 Ohm ports, and the ports (01) and (02) are 
also, for example, 50 ohm ports. The ports (P2) and (02) 
are preferably coupled to ground during usa. 

In a preferred embodiment of the Multi -pole BAWR-SCF device 
1, the impedance inverting capacitor C01 is connected 
across ports (Pi) and (P2) , the impedance inverting 
capacitor C34 is connected across the ports {01} and (02) , 
the inductor L oi is connected in parallel with the BAW 
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resonator (BAWI) , and the inductor L oa is connected in 
parallel with the BAW resonator (BAW2 ) . More particularly, 
a Hirst terminal COl' of the impedance inverting capacitor 
COl is coupled to port (V2) , and a second terminal C01" of 
the impedance inverting capacitor COl is coupled to port 
(Pi) . A first terminal C34' of the impedance inverting 
capacitor C34 is coupled to port (02) , and a second 
terminal C34" of the impedance inverting capacitor C34 ±3 
coupled to port (01) . Also, ah electrode 21a of the BAW 
resonator (BAWI) ig coupled to the port (PI) , and an 
electrode 21b of the BAW resonator (3AW1) is coupled to an 
electrode 4a of the SCF 4. An electrode 4b of the SCP 4 is 
coupled to an electrode 21a' of the BAW resonator (BAW 2 ) , 
and an electrode 20 of the SCF 4 is connected to a node 
(Gl) (which is preferably coupled to ground during use) . 
Moreover, an electrode 21b' of BAW resonator (BAW 2 ) is 
coupled to the port (01) . 

Fig. 16a also shows piezoelectric layers 21c and 21C of 
BAW resonators (BAWI) and (BAW2) , respectively, and 
piezoelectric layers 4c and 4d of the SCF 4. For 
convenience, othar layers of the devices 4, (BAWI) , and 
(BAW2), besides the electrodes and piezoelectric layers, 
are not shown in Fig. 16a, 

The Multi-pole BAWR-SCF circuit 1 is a three pole device, 
and ha3 a lumped element equivalent circuit similar to the 
one shown in Fig. 16b. According to this invention, the 
equivalent parallel capacitances C 0<3CK) of: SCF 4, as well a? 
the components COl and C34, function as impedance inverting 
elements, as can be appreciated in view oH Pig. 16b. Being 
that the Multi-pole BAWR-SCF device 1 of the invention 
includes these equivalent parallel capacitances C 0(SCF) , and 
employs them as impedance inverting elements, rather than 
employing additional discrete component impodance inverting 
elements, such as the components C12 and C23 of the prior 
art filter 59 described above, the device 1 is structurally 



(90) 



¥11-346140 



less complex and more compact: than this filter 59. 

The MulLi-pole bawr-SCf device 1 yields improved frequency 
response characteristics relative to those yielded by, for 
example, the filter 59 oF. Fig. 13. For example, reference 
is now made to Pigs . 18a and 18b, which show an exemplary 
frequency response of the Multi-pole 3AWR-SCF circuit 1 
over frequency ranges of 400MHz- 1 . 2GHz and 925MHz-970MHz, 
respectively. For this exemplary frequency response, it is 
assumed that 1) the device 1 is constructed so as to yield 
a passband having a bandwidth of approximately 25 MHs and 
a center frequency of about 947.5 MHz (these values are 
typically employed in GSM receiving band applications), 2) 
the SCF 4 is constructed so as to yield a second harmonic 
frequency at the center frequency of the passband of the 
device 1, 3) the inductors L tet and L„ each have an 
inductance value as shown in Table 5, 4) the capacitors COl 
and C34 each have a capacitance value as shown in Table 5, 
5) the individual BAW resonators (BAWl) and (BAW2) and the 
SCF 4 include layers having the materials and thicknesses 
shown in Table 5, and 6) the electrodes of the resonators 
(BAW1) and (BAW2), and the electrodes of the SCF 4, have 



areas as shown in Table 5. 




(BAWl), (BAW2) 


SCF 4 


Tuning Layer Si02 


62 nm 




Upper Electrode Au 




194 nm J 


Upper Piezoelectric 
layer ZnO 




1604 nrn 1 


Ground Electrode Au 


404 nm 


404 nm 1 


Lower Piezoelectric 
layer ZnO 


1604 nm 


1604 nm I 


Lower Electrode Au 


192 nm 


192 nm 


Membrane Si02 


174 nm 


174 nm 


Area of electrodes 


2/4 urn* 274 urn 


2 60 ULn* 23 0 um 


COl, C34 


5.03 pF 
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LOT, Lo2 7.15 xiK 



The degree of improvement of the frequency response 
characteristics of the Multi-pole BAWR-SCF device ! 
relative to the frequency response characteristics 
exhibited by the filter 59 of Pig. 13 (which, unlike the 
Multi-pole BAWR-SCF device i, does not include an SCP 4) 
can be seen by comparing Figs. 18a and 18b to Figs. 14a and 
14b (which show the frequency and passband response of the 
filter 59, assuming that the components of the filter 59 
are constructed in accordance with the information from 
Table 3 described above) . As can be appreciated in view of 
these Figures, the passband shapes yielded by the 
respective devices i and 59 are similar, but the level of 
stopband attenuation provided by the device X at 
frequencies that are lower than the passband frequencies is 
substantially greater than that provided by the device 59 
at similar frequencies, owing to the inclusion of the SCF 
4 in the device 1. The level of out-of band rejection 
provided by the device 1 is at least 27 dB, Another 
advantage provided by the device 1 of the invention is that 
the device l includes a lesser number of inductors L 01 and 
L„ than the filter 59 oC Fig. 13. 

It should be noted that, depending on requirements for an 
application of interest, either of the pairs of porta (Pi) 
and (P2) and (Ol) and (02) may be employed as input ports 
or output purts for the Multi-pole BAWR-SCF device l, since 
the transmission of energy within the Multi-pole BAWR-SCF 
device l can be provided in either the direction ffrom ports 
(PI) and (P2) to ports (Ol) and (02), or in the direction 
from ports (01) and (02) to ports (PI) and <P2). Being that 
energy may be transmitted within the Multi-pole BAWR-SCF 
device 1 in either direction, the device 1 functions 
similarly and yields the same performance characteristics 
(described above) in each case. 
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Another embodiment of a Multi-pole bawr-scf device in 
accordance with this invention will now be described. 
Referring to Fig. 17a, a schematic diagram Is shown of a 
Multi-pole BAWR-SCF device (or circuit) 3 that is 
constructed in accordance with this embodiment of the 
invention. The device 3 comprises a BAW resonator (BAWi) , 
Stacked Crystal Filters 6 and 8, impedance inverting 
elements, which preferably include capacitors C12 and C23, 
and an inductor L,. Preferably, the Multi-pole BAWR-SCF 
device J is also a flour port device, and includes ports (or 
nodes) (PI) and (P2). and ports (Ol) and (02) . The ports 
(PI) and (P2) are, for example, 50 Ohm ports, and the ports 
(01) and (02) are al so , for example. 50 ohm ports. The 
ports (P2) and (02) are preferably coupled to ground during 



use . 



In a preferred embodiment of the Multi-polo BAWR-SCF device 
3, the SCF 6, the BAW resonator (BAWI) , and the SCF 8 are 
connected in series. In the device 3, an electrode 6a of 
the SCF 6 is coupled to port (PI) , a middle electrode 20 of 
the SCP 6 is coupled to a node (CI) , and an electrode 6b of 
the SCF 6 is coupled to a node (II) . Also, an electrode 8b 
of SCF 8 is coupled to port (01), a middle e3 ectrodo 20 of 
the SCF 8 is connected to a nods (G4), and an electrode 8a 
of the SCF 8 is connected to a node (12). A terminal C12' 
of capacitor C12 is coupled to the node (ii) , and a 
terminal C13« of capacitor C12 is coupled to a node (G2> 
A terminal C23' of capacitor C23 is coupled to node (12) 
and terminal C23" of capacitor C23 is coupled to node (G3> ' 
The BAW resonator (BAWi) has an electrode 2 la which i s 
coupled to the node (H) , and also has an electrode 21b 
whxch is coupled to node (12) . Hence, the BAW resonator 
(BAWi ) is coupled between the SCFs Sands, Inductor L is 
connected in parallel with the RAW resonator (BAWi) °The 
nodes (Gl)-(G4) are preferably coupled to ground during 
use. ..ike the device l described above, the Multi-pole 
BAWR-SCF circuit 3 i s a three pole device . 
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Fig. 17a also shows piezoelectric layers 6c and 6d of SCF 
6, piezoelectric layers 8t: and 8d of SCF 8, and a 
piezoelectric layer 2lc of BAW resonator (BAWl) . For 
convenience, other layers of the devices 6, 8, and (BAWl), 
besides the electx-odes and piezoelectric layers, are not 
shown in Fig. 17a. 

In accordance with this invention, the equivalent parallel 
capacitances C 0{3CP , of the SCF 4, as well as the components 
C12 and C23, function as impedance inverting elements, as 
can be appreciated in view of Fig. 17b, which shows a 
lumped element equivalent circuit of the Multi-pole BAWR- 
SCF circuit 3. 

Figs. 19a and 19b show a frequency response of the Multi 
pole BAWR-SCF circuit 3 over frequency ranges of 400MHz to 
l.2GHz and 925MHz to 970MHz , respectively, for an exemplary 
case in which 1) the device 3 is constructed bo as to yield 
a passband having a bandwidth of approximately 2 5 MHz and 
a center frequency of about 947.5 MH* (these values are 
typically employed in GSM receiving band applications) , 2) 
the SCFs 6 and 8 are constructed so as to yield a second 
harmonic frequency at the center frequency of the passband, 
3) the inductor L 0 has an inductance value as shown in 
Table 6, 4) the capacitors C12 and C2 3 each have a 
capacitance value as shown in Table G, 5) the BAW resonator 
(HAWl) and the individual SCFs 6 and 8 include layers 
having the materials and thicknesses shown in Table 6, and 
6) the electrodes of the BAW resonator (BAWl) and the SCFs 
6 and 8 have areas as shown in Table 6. 



TABLE 6 





BAWl 




Tuning Layer Si02 




346 nm 


Upper Electrode Au 




296 nm 


Upper Piezoelectric 
layer ZnO 




2215 nm 
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Ground Electrode au 


192 nm 


192 nm 


jjOwer Piezoelectric 
layer ZnO 


2081 nm 


2081 nm 


Lower Electrode Au 


210 nm 


210 nm 


Membrane Si02 


191 nm 


191 nm 


Area 


397 urn* 397 um 


287 um* 287 um 


C12, C23 


7.33 pF 




Lo 


3.74 nH 





The Multi-pole BAWR-SCF device 3 exhibits an improved 
frequency response relative to that yielded by, for 
example, the filter 56 of Pig. i 5a (which, unlike the 
Multi-pole BAWR SCP device 3, does not include a BAW 
resonator (BAWl) ) , assuming that the components of the 
filter 56 are constructed in accordance with the 
information from Table 4 shown above. This can be seen by 
comparing Figs. 19a and 19b, which show the frequency and 
passband response of the Multi-pole BAWR-SCF device 3. to 
Figs. 15b and 15c, which show the frequency and passband 
. response of the filter 56 . As can be appreciated in view of 
these Figures, the passband shapes yielded by the 
respective devices 3 and 56 are similar. However, the 
Multi-pole BAWR-SCF device 3 provides better stopband 
attenuation characteristics than are provided by the device 
56, especially at approximately the frequency 
(approximately liOOMHz) of the fundamental resonances of the 
SCFs 6 and 8. The filter 56 yields a spurious response at 
approximately 640MH* . This spurious response is caused by 
parallel resonances of the shunt -connected inductors L pl and 
L p , and the equivalent parallel capacitances (C„) of the 
SCFs 57-59 or the filter 56. The Multi-pole BAWR-SCF device 
3 of the invention, on the other hand, yields a spurious 
response at approximately 740MHz. This spurious response is 
caused by the series resonance of the BAW resonator (BAWl) 
in combination with the inductor L 0 and the SCFs 6 and 8 
wherein the inductor L 0 is inductive at approximately 740MII* 
and the SCFs 6 and 8 are capacitive at this frequency 
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In addition to having an improved frequency response 
relative to that of the filter 56, the Multi pole BAWR-SCF 
device 3 of the invention has another advantage over the 
filter 56 in that the device 3 includes only a single 
discrete inductor L 0 . The filter 56, in contrast, includes 
two discrete inductors, namely, inductors L t#l and Lp 2 . 

It should be noted that in some applications wherein it is 
required that the device 3 yield even better frequency 
response characteristics, such as, e.g., a reduced level of 
ripple, and/or where it is desired to provide an increased 
degree of component matching fror the device 3, additional 
shunt inductor elements (not shown) may be included within 
the device 3, and may be coupled between the ports (PI) and 
(P2) and between the ports (01) and (Ol) . 

As for the Multi-pole BAWR-SCF device 1 described above, it 
should be noted that, depending on applicable performance 
criteria, either of the pairs of ports (Pi) and (P2) and 
(01) and (02) of Multi pole BAWR-SCF device 3 may be 
employed as input ports or output ports, since the 
transmission of energy within the device 3 can be provided 
in either the direction from ports (PI) and (P2) to ports 
(01) and (02), or in the direction from porte (Ol) and (02) 
to ports (PI) and (P2). 3eing that energy may be 
transmitted within the Multi-pole BAWR-SCF device 3 in 
either of these directions, the device 3 functions 
similarly in each case and yields the same performance 
characteristics (described above) in each case. 

* 

The Multi pole BAWR-SCF circuits 1 and 3 described above 
may be fabricated as monolithic integrated circuits or may 
each be fabricated to include BAW resonator and SCF 
components that are formed on separate respective wafers/ 
Also, and as was described above, the Multi-pule BAWR-SCF 
circuits l and 3 may include any of the various types of 
BAW resonators described above and shown in Figs. ia-4a, 
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and any of the various type* of SCFs described above and 
shown in Pigs. 5a-8a. For example, each BAW resonator and 
SCF may include "bridge" structures (i.e., one or mors 
membrane layers) like the BAW resonator 20 of Fig. la and 
the SCF 20' of Fig. 5a. Also by example, each BAW 
resonator and SCF may be a solidly-mounted device (a device 
that includes an acoustic mirror) similar to the ones shown 
in Figs. 3a and 7a, respectively. 

The employment of acoustic mirror structures in the BAW 
resonators and SCFs of the Multi-pole BAWR-SCF devices of 
the invention offers a number oC advantages over the use of 
other types of structures (such as, by example, bridge 
structures) in the BAW resonator and SCF components of the 
Multi-pole BAWR-SCF devices. Ono advantage is that acoustic 
mirror devices are structurally more rugged than most other 
types of devices. Another advantage is that, in high power 
applications, any heat that may be generated due to losses 
in the devices is conducted efficiently to the substrates 
of the respective devices via the acoustic mirrors. 

A further advantage of using acoustic mirror structures in 
the Multi-pole BAWR-SCF circuits of the invention is that 
the acoustic mirrors can help to attenuate any unwanted 
harmonic responses that may be produced within the Multi • 
pole BAWR-SCF devices. This may be further understood in 
view of the following example. In this example, it is 
assumed that in the Multi-pole BAWR-SCF devices described 
above, the piezoelectric layers of each SCF each have a 
thickness that is equal to the thickness of the individual 
piezoelectric layer of the respective BAW resonators, and 
that, as a result, each SCF exhibits a second harmonic 
resonance at a center frequency of the Multi -pole BAWR-SCF 
device. It is also assumed that the BAW resonators and the 
SCFs of the Multi-pole BAWR-SCF devices include acoustic 
mirror layers, and that each acoustic mirror layer has a 
thickness of one-quarter wavelength (e.g, x/ 4 ) at the 
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center frequency of ttiH respective Multi-pole BAWR-SCi? 
device. In this case, each SCF exhibits a fundamental 
resonance at a frequency which is approximately equal to 
one-half of the center frequency of the Multi-pole BAWR-SCF 
device, and thus may cause a spurious response at this 
frequency. At the fundamental resonant frequency of the 
SC*\ the thickness of each acoustic mirror layer is X/8. 
As can be appreciated by those skilled in the art, at this 
frequency the amount of acoustic energy which is reflected 
back towards the bottom piezoelectric layer of the SCF by 
the interface between the top layer of the acoustic mirror 
and the lower electrode ot the SCF is small. As a result, 
the spurious response of the SCF at its fundamental 
resonant frequency becomes attenuated. It should be noted 
that in cases in which a Multi-pole BAWR SCF device is 
fabricated so as to include "bridge" type structures 
instead of acoustic mirror structures, external matching 
circuitry may be employed to attenuate any spurious 
responses that may occur at the fundamentcil resonant 
frequency of the SCF, although at least some attenuation is 
also provided by the BAW resonators of the Multi-pole BAWR- 
SCF device. 



As another example, it is assumed that each piezoelectric 
layer of the SCF has a thickness which ia equal to one-half 
of the thickness of each individual piezoelectric layer of 
the BAW resonators, and that, as a result, the SCF exhibits 
a fundamental resonance at the center frequency of the 
Multi-pole BAWR^SCF circuit. In thia case, harmonic 
resonances of the SCF and the BAW resonators of the Multi- 
pole BAWH-SCF circuit may cause spurious responses, 
although no spurious responses can occur at frequencies 
that are lower than the Multi-pole BAWR-SCF circuit's 
center frequency. By example, spurious responses may occur 
at the second harmonic resonant frequencies of the SCF and 
the BAW resonators. At the second harmonic resonant 
frequency of the SCF, the acoustic mirror layers of the SCF 
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hava a thickness which is equal to A/2 and no impedance 
transformation oE the substrate of the device occurs at the 
interface between the top acoustic mirror layer and the 
lower electrode. As a result, acouatic energy is not 
reflected by this interface away from the substrate and 
back towards the piezoelectric layers, but is instead 
propagated to the substrate. This causes the spurious 
response of the SCF at its second harmonic resonant 
frequency to become attenuated. 

Another aspect of the invention will now be described. The 
inductive elements L 0 , L 0l , and L 0J oi: the devices l and 3 
described above may each include any suitable type of 
inductive device, such as, by example, a spiral-shaped 
coil. Also, the impedance inverting capacitor elements C01, 
C34, C12, and C23 of the devices 1 and 3 may include any 
suitable type of capacitor device for providing impedanca 
inversion, such as, by example, a microstripline or a 
lumped element capacitor. The inductive elements L n 
and h 0] , and the impedance inverting elements C01 , C34, C12, 
and C23, of the devices 1 and 3 may 'be fabricated on a same 
substrate as the BAW resonators and SCF devices included in 
these respective devices l and 3 . Also, in cases wherein it 
is required that these devices 1 and 3 be packaged, it is 
preferable that the various inductive tuning elements and 
impedance Inverting elements of the respective devices X 
and 3 be fabricated on a package substrate. By example. 
Fig. 20a shows a perspective view of a structure 100' that 
includes a substrate 100 (which may be comprised of, e.g.. 
Si, GaAs, glass, or a ceramic material) having the 
inductive elements L 01 and !,„ and impedance inverting 
elements C01 and C34 mounted thereon. The structure 101' 
represents a structural portion of the multi-pole BAWR-SCF 
device l described above. The substrate 100 is shown in 
Fig. 20a as having been rotated 180 degrees about an axis 
<z> (i.e., the substrate 10 is shown as being viewed from 
a perspective looking down on a rear portion of the 
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substrate 100) , and a rear surface and two side surfaces 
are assumed to be removed. 

Preferably, the inductive elements L 01 and L oa include 
spiral coils, and are optimized during fabrication for 
providing low loss levels and high Q values. The impedance 
inverting elements C01 and C34 preferably include lumped 
element capacitors. As can be seen in viow ot Fig. 20a, 
within the structure 100' the inductive element L 01 is 
coupled at one end thereof to terminal C01" of: impedance 
inverting element C01 through a contact pad 100a, and the 
inductive element i Jq2 is coupled at one end thereof to 
terminal C34" of the impedance inverting element C34 
through a contact pad lOOd. Contacts 10la and lOld are also 
shown as being coupled to the contact pads 100a and lOOd, 
respectively. Moreover, solder bumps (SB1 -S64) are provided 
underneath respective contact pads lOOa-lOOd for coupling 
the various components L C1 , ii„, C01, and C34 to components 
of another device portion, as will be described below in 
relation to Pig. 20c. Terminals C01 ' and C34' of respective 
impedance inverting elements C01 and C34 are coupled to a 
solder ring <SR) , which is disposed near a perimeter of the 
substrate 100, as can be appreciated in view of Fig. 20a. 
Also, contacts 101b f 101c, lOle, and lOlf are provided for 
connecting the structure 100' to ground. The contacts 101b 
and 101c represent the ports (P2) and (02), respectively, 
of the device 1 described above. Also, the contacts 101a 
and lOld represent the ports (Pi) and (OIK respectively, 
of the device 1 described above. These contacts 101a and 
lOld are provided for enabling the structure 100' to be 
coupled to external circuitry. The contacts lOla-lOlf are 
preferably included within vias (not shown in Fig. 20a) of 
the structure 100'. The various electrical components of 
the structure 100' are preferably fabricated on the 
substrate 100. 

Fig. 20b shows a structure 100" which represents another 
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structural portion of the multi-pole BAWR-SCF device 1 
described above. The structure 100" includes a substrate 
10"*, which may be comprised of a similar material as the 
substrate 100 of the structural portion 100', although in 
other embodiments the substrate 103 may include a different 
suitable material than is included in substrate 100. In a 
preferred embodiment of the invention, the materials 
forming the substrates 100 and 103 have similar or nearly 
similar coefficients of thermal expansion so that when the 
structures 100" and 100' are joined together and soldered, 
solder joints do not experience a substantial amount of 
mechanical stress that may occur when the combined 
structures are exposed to substantial variations in 
environmental temperature. 

The device 100- also includes BAW resonators (BAWl) and 
(BAW2), SCP 4, contact pads (CP1-CP4) , and a solder ring 
102. Electrode 4a of SCP 4 is coupled to electrode 21b of 
the BAW resonator (BAWl) through the contact pad (CP2) and 
electrode 4b of the SCF 4 is coupled to electrode 2la' of 
BAW resonator ( BAW 2 ) through the contact oad (CP3) 
Electrode 20 of SCF 4 is coupled to the solder ring 102. 
Electrodes 2ia and 2ib' of the respective BAW resonators 
(BAWl) and (BAW2) are coupled to the respective contact 
pads (CPl ) and (CP4) . As for the solder ring ( S R) of the 
structure 100' of rig. 20a, the solder ring 102 is dispused 
near a perimeter of the substrate 103, as can be 
appreciated in view of Fig. 20b. The contact pads (CPl -CP4) 
are for being coupled to the solder bumps (SB1-SB4) 
respectively, of the structure 100' described above. 

Referring to Fig. 20c. in accordance with the invention the 
structures 100' and too - are coupled together to form a 
device 100"' (which represents a structure of the Multi- 
pole BAWR-SCF device 1 described above) . Preferably, the 
structures 100' and 100" are coupled together using flip- 
chip technology. The structures 100' and ioo» ar~ 
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preferably coupled together in a manner so that the solder 
ring • (SR) of the structure IOC is coupled (e.g., by 
soldering) to the solder ring 102 of the structure 100", 
and so that the solder bumps (SB1 -SS4) of the structure 
100 f are coupled to the contact pads (CP1 CP4) , 
respectively, of the structure 100". This manner of 
coupling the structures 10 0' and 100" results in the 
inductive elements h 0l and L 02 being connected in parallel 
with the BAW resonators <BAW1) and (BAW2) , respectively, 
and also results in the impedance inverting elements C01 
and C34 being coupled at respective terminals C01' T and C34" 
thereof to respective terminals 21a and 21b' of respective 
BAW resonators (BAWl) and (BAW2) . The various component 
interconnections of the coupled structures 100' and 100" 
are similar to those shown in Fig. 16a. Also, it should be 
noted that, for convenience, not all of the layers of the 
various BAW resonator and SCF devices are shown in Figs. 
20a-20c, since these devices are assumed to be similar to 
those described above. 

As can be appreciated in view of Fig. 20c, because the 
inductive elements L 01 and L oa are preferably embodied as 
spiral shaped coils within the device 100' these elements 
Lo X and L 02 are disposed above the respective BAW resonators 
(BAWl) and (BAW2) . Also, the components C01 and C34 are 
each disposed in a plane this is above the respective BAW 
resonators (BAWl) and (BAW2) . These features enable the 
device 100'" to have a more compact overall construction 
relative to, by example, a semiconductor device having 
electrical components that are positioned adjacent to one 
another on a substrate surface. Also, it should be noted 
that in addition to providing grounding while the 
connectors 101b, ioic, lOle, and lOlf are coupled to an 
external ground, the solder rings (SR) and 102, along with 
the components 100 and 103, provide a hermetic seal for 
protecting the various electrical components of the device 
100'" from coming into contact with, by example, external 
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contaminants . 



As an example, reference is now made to Figs 2la-21c 
wherein structures 116. 117 and 118 are shown (in a side 
view). These structures i 16 , X 17 end 3ia are somewhat 
similar to the respective structures 100', ioo- and 100"' 
described above, although for convenience, various ones of 
the electrical components (e.g., inductors) described above 
are not shown in Pigs. 2la-21c. The structure n 6 i s shown 
to include a substrate 119, a contact 105 that is disposed 
within a via of the substrate 119, a capacitor 112 that 
includes layers 108, no, and 111, and a solder bump 109 
that xs coupled to the Layer 108. An electrically 
conductive layer 106' is coupled to contact 105, and a 
solder bump 107' is coupled to the layer 10 6' The 
structure n 6 also includes electrically conductive layer 
106 and a solder bump 107 that is coupled to the layer 106 
The components 106, 107, i06< and 107< term a solder ring 
structure for the structure 116. 

The structure 117 of Fig. 2lt> i s 3hown to includ „ 
electrically conductive layers 113 (which form a solder 
ring for the structure 117) , a substrate 120. and a BAW 
rasonator (BAW4) that includes layers 114, 115 and 116. 

The structure 118 of Fig. 2 i c shows thG structures lxg and 
117 coupled together. m particular, the components 107' 
and 107 of structure 116 are coupled to the layers 113 of 
the structure 117. As can be appreciated in view of Fig 
21c. the components 119, 120. 106' , 107', 113, i 06 , and 107 
of the structure lis collectively surround and enclose an 
area of structure lie that includes the electrical 
components 109, 116, 112, and (BAW 4) . as a result, these 
eleccrxcal components 109, n 6 , 112, and (BAW4) are 
protected from coming into contact with external 
environmental contaminants. Tn a similar manner, the 
solder rings (SR) and 102, in conjunction with structures 
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100 and 103, protect the various electrical components 
(e.g., contact pads (CP1-CP4), BAW rasonators (BAW1) and 
(BAW2 ) , SCK 4, inductors L 01 and L 02 , etc.) of the device 
100"' (described above) from coming into contact with 
external environmental contaminants . 

Referring again to Kig. 20c, the construction of the device 
100"' offers a number of advantages. One advantage is that 
any suitable material may be included in the substrate 100 
of the structure 100' tor enabling the passive components 
of the structure 100' to provide optimum performance. An 
inexpensive material may be employed for substrate 100 to 
reduce the overall fabrication costs for the device 100"', 
Also, the configuration of the device 100"' provides for an 
efficient utilization or the device's surface areas, and, 
as was previously described, the solder rings (SR) , (102) 
in conjunction with the substrates 100 and 103, provide a 
hermetic seal wherein electrical components of the device 
100'" are protected from coming into contact with 
environmental contaminants, such as dust, humidity, etc. 
Because the device 100"' protects the electrical components 
in this manner, no external protective packaging (e.g., 
such as ceramic packaging, which is more expensive and does 
not include any passive components) is required. Also, the 
solder bumps (SB1-SB4 ) and solder ring (SR) preferably have 
thicknesses (such as 30 urn to 200 urn) that are similar to 
those of solder bumps typically employed in flip- chip 
technology, and are of greater thicknesses than the 
resonators (which preferably have overall thicknesses of 
only a few microns to 10 urn) included in the device 100'" # 
enabling coupling to be provided during flip -chipping, and 
further enabling the inductive elements h 01 and L oa to be 
positioned above tha BAW resonators (BAW1) and (BAW2) 

tiach of the various Multi-pole BAWR-SC** devices of the 
invention described above can be operated over frequencies 
ranging from approximately 500 Mh* to 5 Ghz . Preferably, 
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the Multi-pole BAWR-SCF devices operate in the longitudinal 
mode since this allows for easier fabrication of the 
piezoelectric layers of the devices. In the longitudinal 
mode, axes of crystals within piezoelectric layers of the 
devices (i.e., the piezoelectric layers include 
polycrystallins. and are preferably sputter deposited) are 
substantially perpendicular to upper (and lower) surfaces 
of the piezoelectric layers (and to upper and lower 
surfaces of other layers of the devices) . However, in 
other embodiments the Multi-pole BAWR SCP devices can be 
operated in a shear mode if the layer dimensions are chosen 
appropriately, m the shear mode, axes of crystals within 
the piezoelectric layers are substantially parallel to the 
upper and lower layer surfaces of the devices. 

It shouid be noted that the invention is not intended to be 
limited to the Multi-pole bawr-sc* circuits having the 
topologies described above, and that Multi-pole BAWR-SCF 
devices having other topologies may also be provided. By 
example, depending on applicable performance criteria 
Multi-pole DAWR-SCF circuits may be provided which include 
additional BAW resonators and/or .SCFs . It should be noted 
however, that Multi-pole BAWR-SCF devices having lesser 
resonator component (e.g.. BAW resonators and SCs) areas 
have lesser levels ol insertion loss than do Multi-pole 
BAWR-SCF devices that have greater resonator component 
areas. Also, the dimensions of the BAW resonators and the 
tiCFs described in the Tables above are intended to be 
exemplary in nature, and the BAW resonators and SCFs may be 
provided with other suitable dimensions that cause desired 
frequency response characteristics (e.g., passband 
bandwidth, center Hrequency, insertion l oss ievel , etc , to 
be provided. 

While the invention has been particularly shown and 
described with respect to preferred embodiments thereof, it 
will be understood by those skilled in the art that changes 
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in form and details may be made therein without departing 
Hrom the scope and spirit o£ the invention. 

4. Brief Description of Drawings 
Fig. la illustrates a cross-section of an exemplary Bulk 
Acoustic Wave (BAW) resonator that includes a membrane and 
an air gap; 

■ 

Fig. lb illustrates a top view of a portion of the BAW 
resonator of Fig. la; 

Fig. 2 illustrates a cross-section of an exemplary 6AW 
resonator that includes a sacrificial layar; 

Fig. 3a illustrates a cross-section of an exemplary 
solidly-mounted HAW resonator that includes an acoustic 
mirror ; 

Fig. 3b shows a top view of a portion of the BAW resonator 
of Fig. 3a, including a protective layer 38a and electrodes 
24 and 26; 

Fig. 4a illustrates a cross -section of an exemplary 3AW 
resonator that includes a substrate having a via; 

Fig. 4b shows a lumped element equivalent circuit of a BAW 
resonator; 

Fig. 5a illustrates a cross-section of an exemplary stacked 
Crystal Filter <SCF) that includes a membrane and an air 

gap; 

« 

Fig. :ib illustrates a top view of a portion of iihe SCF of 
Fig, 5a; 

Fig. 6 illustrates a cross-section of an exemplary SCF that 
includes a sacrificial layer; 
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Pig. 7a illustrates a cross -sect ion of an exemplary 
sol idly -mounted SCF that includes an acoustic mirror ; 

Fig. 7b shows a top view of a portion of the SCF of Fig 
7a; 

Fig. 8a illustrates a cross-SGCtion of an exemplary SCF 
that includes a substrate having a via; 

Fig. Bb shows a lumped element equivalent circuit of a SCF; 

Fig. 8c shows an exemplary frequency response of a SCF; 

Fig. 8d shows a circuit diagram of an exemplary BAW ladder 
filter that includes two BAW resonators, and which is 
constructed in accordance with the prior art; 

Fig. 8$ shows an exemplary frequency response of the BAW 
ladder filter of Fig. 8d; 

Fig. 8f shows a circuit diagram oZ an exemplary BAW ladder 
filter that includes four BAW resonators, and which is 
constructed in accordance with the prior art; 

Fig. eg shows an exemplary frequency response of the BAW 
ladder filLer of Fig. 8f; 

*ig. Bh shows a lumped element equivalent circuit of the 
BAW ladder filter of Fig. 8f ; 

Fig. 8i shows a schematic diagram of an exemplar 
"balanced" ladder filter that is constructed in accordance 
with the prior art; 



Fig. 8j shows a lumped element equivalent circuit of the 
balanced ladder filter of Fig. 8i; 
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Fig. 9 shows an exemplary frequency response of a ladder 
filter that includes four BAW resonators and no tuning 
elements, in accordance with the prior art; 

Fig. ioa shows a circuit diagram of an exemplary multi-pole 
filter that includes resonators XI, X2 and X3 , impedance 
inverting circuits 5la-5ld, and terminating impedances R a 
and R b , wherein the filter is constructed in accordance 
with the prior art; 

Fig. 10b shows a circuit diagram of another exemplary 
multi-pole filter that is constructed in accordance with 
the prior art; 

Fig; Ha shows an exemplary impedance inverting circuit 
that includes inductors L1-L3; 

Fig. lib shows an exemplary impedance inverting circuit 
that includes capacitors C1-C3; 

Fig. lie shows exemplary resonator reactance curves; 

Fig. 12 shows a circuit diagram of a conventional multi- 
pole filter that includes BAW resonators 56, U7, and 58, 
and impedance inverting capacitors C01, C12, C23, and C34; 

Fig. 13 shows a circuit diagram of another conventional 
prior art multiple filter, wherein the filter is similar 
to that shown in Fig 12, but also includes inductors L 01 , 
L 01 , and L 03 ; 

Fig. 14a shows a frequency response of the multi-pole 
filter of Fig. 13 ; 

Fig. 14b shows a portion of the frequency response of Fig. 
14a, over a range of frequencies between 925MHz and 970MHz; 
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Fig. 15a shows a circuit diagram of a further exemplary 
multi-pole filter that is constructed in accordance with 
the prior art, wherein the filter includes SCF devices 57, 
58 and 59, and shunt -connected inductors L , and L • 

Pig. 15b shows a frequency response of the multi-pole 
filter of Fig. I0a ; 

Fig. 15c shows a portion of the frequency response of Fig 
15b, over a range of frequencies between 925MHz and 970MHz,- 

Fig. ica illustrates a circuit diagram of a Multi-pole Bulk 
Acoustic Wave Resonator- Stacked Crystal Filter (Bawr-SCF) 
device that is constructed in accordance with an embodiment 
of the invention; 

Fig. 16b shows an exemplary lumped element equivalent 
circuit of the Multi-pole BAWR-SO- device of Fig. i 6a; 

Fig. 17a shows a Multi-pole SAWR-SCF device that is 
constructed in accordance with another embodiment of the 
invention,- 

Fig. 17b shows an exemplary lumped element equivalent 
circuit of the Multi-pole BAWR-SCF device of Fig. i 7a ; 

Fig. iaa shows an exemplary frequency response of the 
Multi-pole BAWR-SCF circuit of Fig. I6a ; 

Fig. 18b shows a portion of the frequency response of Fig. 
18a, over a range of frequencies between 925MHz and 97 0MHz, 

Fig. 19a shows an exemplary frequency response of the 
Multi-pole BAWR-SCP circuit of Fig. r/a, 

*ig. 19b shows a portion of the frequency response of Fig. 
..9a, over a range of frequencies between 925MHz and 970MH*, 
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Fig, 20a shows a portion 100" aP_ 

a Multi-pole BAWR-SCF device 100'" which is shown in Fig, 
20c, wherein the device 100"' is constructed iu accordance 
with the invention; 

Fig. 20b shows a portion 100" of 

a Multi-pole BAWR-SCF device 100"' which is shown in Pig, 
20c, wherein the device 100"' is constructed in accordance 
with the invention; 

Fig. 20c shows the Multi-pole 3AWR-SCF device 100" ' 
constructed in accordance with the invention; 

Fig. 21a shows a portion 116 of 

a device 118 which is shown in Fig. 20c , wherein the device 
118 is constructed in accordance with the invention; 

Fig. 21b shows a portion 117 of 

a device 118 which is shown in Fig. 2 0c, wherein the device 
118 is constructed in accordance with the invention; and 

Fig. 21c shows the device 118 constructed in accordance 
with the invention. 
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There is provided a Multi-pole Bulk Acoustic Wave 
Resonator-Stacked Crystal Filter (Multi-pole BAWR-SCF) 
filtering circuit or device. In one embodiment the Multi- 
pole BAWR-SCF circuit comprises a first pair of ports, a 
second pair of ports, a first lead that is coupled between 
a first and a second one of the first pair oZ ports, and a 
second lead that is coupled between a first and a second 
one of the second pair of ports. The Multi-pole BAWR-SCF 
circuit also comprises at least one BAW resonator that is 
coupled in series in the first lead, and at least one 
Stacked Crystal Filter [HCF) , The SCF has first and second 
terminals that arc coupled in the first lead, and a third 
terminal that is coupled in the second lead. The Multi-pole 
BAWR-SCF circuit further comprises a plurality of impedance 
inverting elements and at least one inductive element. Each 
individual one of the impedance inverting elements is 
coupled across the first and second leads, and the at least 
one inductive element is coupled in parallel with the at 
least one BAW resonator. The Mult i -pole HAWR-SCF circuit 
yields improved frequency response characteristics relative 
to those that are typically yielded by at least some 
conventional multi-pole filters, and includes a reduced 
number or passive components relative to the number of such 
components included in at least some conventional multi- 
pole filters. 
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